THE PATHOGENESIS THE HEMORRHAGIC DIS- 
EASES THE NEW-BORN.* 


EVARTS GRAHAM, M.D. 


(From the Otho Sprague Memorial Institute Laboratory Clinical 
Research, Rush Medical College, Chicago.) 


PLATES AND 47. 


INTRODUCTION. 


Because insufficient knowledge the causes that underlie the 
hemorrhagic diseases, has been impossible classify them with 
satisfactory precision. Our present classifications are, for the most 
part, based upon clinical morbid anatomical differences, although 
occasionally other well recognized characteristics are concerned, 
such heredity and epidemicity therefore, confused state the 
literature prevails. This confusion particularly marked con- 


nection with those diseases the new-born that are characterized 
hemorrhagic tendency, icterus, and fatty infiltration the 
viscera. This latter group has been from time time split into 
various subdivisions, and although these are based almost entirely 
upon symptomatic and morbid anatomical features, there still 
tendency the part clinicians preserve their distinctive names 
these different conditions were worthy being regarded 
distinct diseases; thus, Buhl’s disease, Winckel’s disease, 
neonatorum, icterus gravis neonatorum, etc. 

The present study was learn whether, the 
experimental use single agent, the clinical and pathological pic- 
ture more than one these diseases could produced; other 
words, whether the differences between such conditions Buhl’s 
disease, Winckel’s disease, etc., are sufficient warrant the belief 
that they are separate entities, whether all may not represent 

preliminary report was read the meeting the American Association 


Pathologists and Bacteriologists, Chicago, April 14, 1911. Received for publi- 
cation, January 20, 1912. 
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merely different expressions the same general process. Chloro- 
form was the experimental agent used because the close resem- 
blance noted autopsy between case late chloroform poisoning 
the adult and typical case Buhl’s disease infant, the 
diagnosis each having been made Dr. LeCount. 

When pregnant animals were chloroformed, their offspring 
showed changes characteristic the pathological and clinical pic- 
tures the various hemorrhagic diseases the new-born; thus the 
experiments seem show that the differences between the various 
members this group are not such indicate fundamentally 
separate etiologies. the contrary, there evidence strongly sug- 
gestive that primarily all are manifestations insufficient supply 
available oxygen the tissues with the train consequences 
that this implies. The same ultimate result can accomplished 
variety ways and variety chemical substances, which 
chloroform represents one. 


HISTORICAL. 


Before recording our own experiments detail, may well briefly 
review the extensive literature this subject, order (1) emphasize the 
characteristic features the various syndromes under discussion, and (2) 
record the dominant ideas which have been expressed explain their etiology. 

(a) Description association congenital syphilis and 
navel sepsis the new-born, with pathological picture which hemorrhages, 
fatty changes, and icterus are prominent features, has long been recognized. 
But 1861 von Hecker and Buhl (1) described series cases under the title 
Acute Fettdegeneration der Neugeborenen,” that presented somewhat simi- 
lar picture without evidence either syphilis navel sepsis. Since that time 
this condition has been commonly called Buhl’s disease. the original article, 
noted that most the children suffering from this disease have been born 
asphyxia. They show bloody diarrhea vomitus, become icteric after three 
six days, and usually the fifth day there begins active, irrepressible hemor- 
from the cord. There are also extravasations the conjunctive, the 
various mucous membranes, and purpuric lesions the skin, with without 
anasarca. Many die cyanotic condition within hour after birth; most 
not live beyond the early part the second week, and the longer they live the 
more anemic and icteric they become. autopsy all the viscera the prin- 
cipal lesions are multiple hemorrhages, large pin-heads, together 
with fatty changes that may extensive. 

Von Hecker and Buhl not attempt explain the etiology, but they think 
that the condition not due navel inflammation, and that not hemophilia, 
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because the ratio males females not maintained hemophilia. 
commenting upon the condition, they say: “It hardly necessary state that 
one here has with disturbance metabolism manifested over the whole 
body, which the changes single organs are only partial expression the 
whole disease. This disturbance evidently inborn, acquired the last days 
before birth.” 

noteworthy, however, that early 1813 John Cheyne (2) called atten- 
tion what seems have been identical condition; and this country, 
1852, Francis Minot (3), analysis forty-six cases hemorrhages the 
new-born, associated with jaundice, recorded numerous instances the condi- 
tion later described von Hecker and Buhl. 

1879, Winckel (4) attempted establish entity distinct from the so- 
called Buhl’s disease describing series cases that manifested slightly 
different clinical and pathological findings. his disease, also, the onset oc- 
curred the first few days after birth. The principal features were cyanosis, 
icterus varying intensity, hemorrhages, hemoglobinuria, and visceral fatty 
changes. Edema was frequently present but was not emphasized promi- 
nent characteristic. some his cases found “hemoglobin infarcts” 
the the kidney; and the stomach was usually dilated and showed many 
ecchymoses. certain cases, also, the mesenteric glands and Peyer’s patches 
were swollen. considered this condition distinct from Buhl’s disease, chiefly 
because seemed epidemic character, and because the hemorrhages were 
more, and the fatty changes less prominent than the disorder described 
Buhl. Buhl’s disease, also, the umbilical vessels showed suppuration. 
Winckel recognized the similarity this condition that intoxication 
phosphorus, arsenic, and potassium chlorate; and ruled out, careful his- 
tories and chemical examination the viscera, any possible participation 
these drugs the etiology his cases. suggested name for the 
dition, cyanosis afebrilis icterica perniciosa cum 

more recent times, the Germans, particular, have come regard 
Buhl’s disease any condition affecting the new-born that manifests severe 
icterus and fatty infiltration without evidence infection, whereas any similar 
condition, which the chief features are icterus and hemoglobinuria without 
omphalitis, has been looked upon Winckel’s disease. 

Probably others antedated Winckel describing the condition that bears 
his name. Thus Parrot (5), 1873, described series similar cases under the 
title Laroyenne and Charrin (6), the following 
year, reported additional cases; and 1875, Bigelow (7) recorded ten fatal cases 
new-born infants, all whom showed hematuria. 

These two classifications, however, have failed suffice for all the hemor- 
rhagic-icteric conditions the new-born infant. Various other names have 
sprung into rather general use, and have served complicate the nomenclature 
adding terms based solely clinical and morbid anatomical differences. 
Thus one often finds these conditions discussed text-books under some such 
classification icterus gravis neonatorum, Buhl’s disease, Winckel’s disease, 
neonatorum, etc. Indeed, recent years, there has even been tendency 
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set apart themselves those cases that are associated with hemorrhage into 
the adrenal glands.* 

already implied, the boundary lines between these various conditions are 
indistinct. difficult discern any differences between the conditions 
icterus gravis neonatorum and Buhl’s disease, these terms are used vari- 
ous authors. neonatorum term that has been applied conditions 
which hemorrhage has occurred from the gastro-intestinal tract, without 
necessarily any clinical evidence hemorrhage elsewhere. Since 1829, when 
Cruveilhier (8) found ulcers the stomach infant who had presented 
evidence true many others have recorded their presence this 
condition with the result, that gastric intestinal ulcer usually considered 
the source the hemorrhage these conditions. For more complete 
discussion the occurrence these ulcers, reference may made the 
articles Vassmer (9) and Helmholz (10). 

Another group these conditions, which probably has correctly been con- 
sidered distinct from the others, concerns those cases true (hereditary) 
hemophilia neonatorum. But this term has been improperly used many 
clinical writers with the result that the great majority those cases described 
hemophilia neonatorum have reality been other conditions. fact, 
Grandidier’s (11) series 220 cases, only twelve were found the families 
and the females were affected about often the males. Recently, 
Larrabee (12) has reported, with the family history, case apparently true 
hemophilia the new-born. 

The generally unsatisfactory classification these conditions has doubtless 
been due the obscurity their fundamental cause. For, the present, 
one idea that has been advanced seems sufficient explain all the cases 
any one these various groups. 

(b) Various Ideas Etiology—The causes that have been chiefly con- 
sidered are follows: (1) syphilis, (2) bacterial infections, (3) mechanical 
factors, (4) heredity, (5) intoxications known chemical agents. 

Syphilis—As has been already stated, congenital syphilis has repeatedly 
been found associated with conditions the new-born, characterized hemor- 
rhages, cyanosis, edema, icterus, But many cases, evidence syphilis, 
and even sclerosis the vessels, absent. Indeed, cases presenting the 
typical features Buhl’s disease have been described Fiirstenburg (14) and 
Roloff (15) occurring spontaneously even the offspring domestic animals, 
where presumably the presence syphilis may safely excluded. 

Bacterial bacteria has received the greatest con- 
sideration for several reasons: (1) the close similarity between these con- 
ditions and the picture produced navel sepsis; (2) the recognized epidemicity 
least one these groups (Winckel’s disease) (3) the finding micro- 


*For discussion this subject see Riviere, Tr. Path. Soc., London, 
1902, liii, 368; Litzenberg and White, Jour. Am. Med. 1908, li, 1964; 
Hektoen, Tr. Chicago Path. Soc., viii, 87; Simmonds, Virchows Arch. 
path. Anat., 1902, clxx, 242. 

*For discussion this subject together with report six cases, see 
Runge (13), 230. 
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organisms autopsy; (4) the experimental production animals certain 
these conditions inoculation with bacteria; (5) the autopsy findings, 
many instances, lesions suggesting infection. the present time there 
practically unanimous consent regard infection, either evident obscure, 
the cause all these hemorrhagic diseases except certain special 
instances, true hemophilia, etc. (16), Heubner (17), Runge 
(13), Bendix (18), Hutinel and Merklen (19), Holt (20), Cautley (21)). 

But the conception, which has been occasionally expressed, that certain ones 
are specific infectious diseases, not now generally held; and the suggestion, 
made Lubarsch (22), regard the Gartner bacillus the specific cause 
Winckel’s disease has found general support. the contrary, the belief 
now almost universally held that many different bacteria may produce these 
diseases, because the variety that has been found 
autopsy. Such opinion expressed the articles Finkelstein (23), 
Knopfelmacher (16), Thomson (24), Hamill and Nicholson (25), and others. 
Klebs (26) found micrococcus the urine infant that died hemor- 
rhage; and inoculating rabbits with the organism, produced experimental 
hemorrhages. Later, Weigert (27), Eppinger (28), and others reported prac- 
tically the same finding other cases. Streptococci have been found Bag- 
insky (29), Babes (30), and Bar (31); Bacillus pyocyaneus and staphylococci 
various kinds, Neumann (32), Bar (31), and Finkelstein pneumo- 
coccus, Babes (30); pneumobacillus, von Dungern (33); 
short unidentified bacillus, Gartner (34); the colon bacilli and several types 
cocci, Hamill and Nicholson (25); the colon bacillus, Wolzynski (35) 
and Kamen (36); streptococcus and bacillus, Strelitz (37) staphylo- 
cocci and streptococci, Tavel and Quervain (38) staphylococci, 
(39), etc. 

The inoculation animals many these organisms has frequently been 
followed the production diseases similar those human beings. 

The epidemicity strongly emphasized Winckel describing his original 
cases has been noted also later writers. For example, Ljwow (40) has 
reported epidemic seven cases. But there have been reported also many 
sporadic cases Winckel’s disease. 

Comment has already been made the finding autopsy, certain cases, 
lesions indicative infectious process, as, for example, the hyperplasia 
intestinal lymphatic tissue, etc. But such findings are frequently absent. 
Indeed, striking that many cases there seems very insufficient evi- 
dence that infection has played important Runge (13), after careful 
review the literature, states, with reference Winckel’s disease, that “the 
search for bacteria the tissues has usually been negative,” even the tissues 
the intestines. Councilman one Townsend’s (41) cases found the blood 
sterile. 

interesting that Thomson (42), evidently impressed the general 
belief that all these hemorrhagic-icteric diseases are infectious, divides those cases 
icterus the new-born other than the simple icterus neonatorum, into in- 
fective jaundice umbilical origin, and infective jaundice intestinal origin. 
Then, however, discussing the second group, and view the usual absence 
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fever and from the normal size the spleen most cases, forced 
the conclusion that “the general infection shows itself drowsiness, slight 
fever, and emaciation,” all which symptoms might occur any intoxication, 
whether bacterial nature otherwise. may conclude, therefore, that 
although there very strong evidence favoring the idea that many cases these 
conditions were caused infections, there is, the contrary, very insufficient 
evidence for assuming that all infectious. 

Mechanical factors the causes any these 
conditions have not been considered important. Mention should 
made, however, the idea Pomorski (43) and von Preuschen (44), who 
considered cerebral hemorrhage, caused trauma during birth, factor 
prime importance causing later hemorrhages elsewhere. certain extent 
these authors substantiated their idea experimentally obtaining multiple 
hemorrhages rabbits after first producing cerebral hemorrhages through 
trauma. They considered the condition due vasomotor interference 
brought about hemorrhage into the brain. human beings, however, 
many cases there has been evidence, either cerebral hemorrhage, 
excessive trauma the head. Moreover, unnecessary remark that 
trauma, capable producing hemorrhage into the brain, carries with altera- 
tions the nervous system capable producing series profound metabolic 
disturbances, alteration respiration, etc. The idea Landau (45), who 
considers traumatic thrombosis and subsequent embolism, particularly the 
alimentary tract, important causative factors, should also mentioned this 
group. But, Thomson states, such factors have been found only occasionally. 

possible importance hereditary influences was con- 
sidered von Hecker and Buhl when they stated that their disease was evidently 
inborn and acquired during the last few days pregnancy. relation 
heredity the true hemophilia neonatorum needs comment. 

Occasionally other hemorrhagic syndromes have been described having 
been transmitted from the mother the fetus. For example, Diehl (46) has 
reported case which autopsy both mother and fetus showed marked pur- 
puric lesions. 

There are also certain other affections the adult, present unknown 
etiology, which, transmitted the fetus, might cause these various syndromes 
the new-born. Reference made particularly the closely related condi- 
tions acute yellow atrophy, eclampsia, and certain septicemic infec- 
tions. Numerous observations are record describing the pathological changes 
the offspring eclamptic mothers. particularly interesting that 
general they correspond closely with the icteric and hemorrhagic syndromes 
the new-born already described. Esch (47) summarizes them thrombosis 
and parenchymatous degeneration, fatty degeneration necrosis, especially, 
the liver and kidneys, hemorrhages the organs, and subpleural, subepicardial, 
and subendocardial extravasations blood. also makes the important 
observation that 234 children born eclamptic mothers, 22.7 per cent. died. 
Welch (48) records similar findings the fetuses three eclamptic women. 

Intoxication Known Chemical related the question 
hereditary influences that intoxication known chemical agents. 
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noted above, Winckel recognized the close similarity between his disease and in- 
toxication phosphorus, arsenic, and potassium chlorate. The possibility 
the transmission phosphorus poisoning from the mother the fetus well 
known. Friedlander (49) has reported typical case; and has been produced 
experimentally Miura (50) the fetus pregnant animal. 


COMMON PROCESS PROBABLY UNDERLIES ALL. 


From all this, becomes clear that the same general symptoms 
symptom groups may result from the action considerable 
variety agencies, and would seem equally clear, view the 
virtual their final results, that all these agents, directly 
indirectly, interfere ultimately with the same fundamental physio- 
logical processes. The questions that now present themselves are 
follows: What are the simple physiological functions, interfer- 
ence with which will induce the various pictures, and what gen- 
eral means are they really 

instead dwelling the differences between these various 
conditions, give our attention their points similarity, the 
following facts stand out conspicuously: (1) Cyanosis, edema, 
icterus, more less pronounced fatty changes the viscera, 
hemorrhagic tendency, and gastro-intestinal symptoms are constant 
all. (2) The onset all usually within the first week after 
birth. 

That there are many features these conditions that suggest 
common general process has already been emphasized Runge 
(13), (16), Baginsky (51), Brandenberg (52), 
and others. The symptoms and gross pathological findings are 
once suggestive those that follow the administration phos- 
phorus, chloroform, arsenic, hydrazin, and long line chemical 
agents, but occur also the conditions obscure etiology known 
clinically acute yellow atrophy the liver, eclampsia, and cyclic 
vomiting children. Furthermore, they occur the severest 
forms diabetes, both experimental and idiopathic; and, finally, 
connection with certain severe infections. himself re- 
marks the resemblance between phosphorus effects and the 
changes the organs found the disease that bears his name. 
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SIMILARITY THE CONDITION INDUCED LACK OXYGEN. 


All the cardinal features that characterize this latter group, in- 
cluding certain common metabolic phenomena, such appearance 
lactic acid and sugar the urine, not mention others, are 
known occur also after respiration rarified air, after 
asphyxia from any cause, that say, from lack oxygen. The 
similarity has been clearly portrayed Araki (53) and Lewin- 
stein (54), also Bauer (55), the former seeing all such chem- 
icals phosphorus, etc., the power cause directly indirectly 
actual deficiency available oxygen. common mani- 
festation this group, has been brought into relationship with 
deficient oxygen supply and the incidental formation acid 
Jacques Loeb (85), and more recently the importance the action 
acid the tissue colloids has been emphasized the work 
Fischer (56). Although Lusk (57) has effectively set 
rest the idea that phosphorus poisoning and the like are marked 
any general deficiency oxidation the sense which this ex- 
pression employed numerous medical writers, may, never- 
theless, speak these instances local selective impairments 
oxidation. connection with fatty changes, for example, inter- 
ference with the sugar oxidation, however caused, appears 
highly important. Until our knowledge the mechanism the 
action these agents more complete, they may classified 
most conveniently agents, the effects which resemble those 
caused the lack oxygen. Such agents fall into three groups: 
(1) known chemical substances (phosphorus, chloroform, arsenic, 
etc.); (2) certain products (streptococcus, 
Spirocheta pallida, plasmodium etc.); (3) poisons 
obscure origin and composition (as eclampsia, acute yellow 
atrophy, 


SIMILARITIES LATE CHLOROFORM ADULTS. 


Chloroform one the drugs the category just mentioned 
that produces morphological picture suggesting deficient 
Moreover, chloroform administered almost rou- 


(58) also states that chloroform poisoning “probably the 
oxidizing enzymes that are particularly involved.” Vernon (59) has recently 
found that chloroform depresses respiratory powers perfused kidney. 
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tine women labor, the idea having become prevalent that 
may administered practically with impunity (Jardine (60), 
Wright (61), Williams (62)). The fact that the onset the 
various conditions under discussion usually the fourth 
fifth day after birth harmony with the clinical and experi- 
mental experience concerning the condition so-called “late 
chloroform the adult, which has been described 
Bandler (63), Bevan and Favill (64), Wells (65), Whipple and 
Sperry (66), and others. Therefore, would seem priori that 
there was some evidence suggest the existence causal rela- 
tionship between chloroform used labor and the occurrence 
some these various conditions the new-born. order 
investigate further this possibility, experiments were devised with 
the object answering the following questions: (1) Will chloro- 
form when giveri amount small enough comparable with 
that ordinarily used labor, produce any anatomical lesions the 
young? (2) When given near the time labor, can condi- 
tions produced resembling clinically any all the affections 
the new-born under discussion? 


EXPERIMENTAL PRODUCTION CHLOROFORM EACH 
THE SYNDROMES. 


The experimental results may summarized briefly follows: 

When chloroform was administered pregnant animals near 
term two three overwhelming doses, intervals only day 
two, was followed intra-uterine death the fetuses with 
pathological pictures characterized chiefly visceral fatty changes 
and slight icterus. most the experiments, also, the mother 
died showing similar picture. 

When given amount small enough produce anesthesia 
for only ten fifteen minutes the pregnant animal, which 
comparable with the amount frequently given women labor, 
was followed intra-uterine death the young and abortion with 
very definite fatty changes the livers the offspring. 

With very light anesthesia for few minutes, the young 
have been born apparently good health, have remained for 
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few days, but have generally succumbed during the first week with 
pictures sometimes resembling Buhl’s, sometimes Winckel’s disease, 
and other times, some the previously mentioned conditions. 
(a) The Results May Those Direct Asphyxia.—From 
these experiments, the conclusions have been reached that chloro- 
form, when administered the manner and the time mentioned, 
capable inducing conditions the offspring entirely compa- 
rable those conditions human beings known Buhl’s disease, 
Winckel’s disease, etc. should borne mind, however, that 
the giving the drug these experiments always preceded the 
spontaneous onset labor. Should any inferences made 
the dangers attending the use chloroform during labor the 
likelihood thereby inducing hemorrhagic disease the off- 
spring, they should limited, far these experiments are con- 
cerned, those cases which the conditions administration are 
the same, cases induced labor, other procedures car- 
ried out under chloroform some hours days prior the onset 
labor. Whipple and Sperry (66), and Whipple and Hurwitz (67), 
working the action chloroform given pregnant dogs, found 
times that necrosis and separation the placenta occurred, but 
that the young never showed marked visceral changes any sort. 
They were unable, furthermure, produce the picture chloro- 
form poisoning newly born pups administering them 


large amount chloroform during the first few days after birth. 


view this work and the fact that the organs the off- 
spring our cases fail, their lack certain morphologic features 
(central necrosis the liver lobule, etc.), agree entirely with 
what has been regarded Whipple and Sperry (66), and later 
Opie (68), essential for typical chloroform poisoning, some 
reserve should exercised interpreting the changes have 
noted due direct action chloroform the fetal organs.* 
this connection, however, may stated that Wells (65), after 
reviewing the literature, found numerous cases chloroform 
poisoning children which presumably there was 
necrosis, although excessive fat infiltration had occurred. 


preliminary report our experiments was published 1910 under the 
title Chloroform Poisoning the New-Born” (69). 
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not essential discuss here how the chloroform has acted, 
whether directly the cells the young, indirectly causing 
injury the placenta, otherwise. The final result has been 
picture like that caused deficient oxygen. Possibly, owing 
differences the composition circulation the fetal liver, the 
typical distribution lesions, seen adult chloroform poisoning 
with its central lobular liver necrosis, may impossible obtain; 
and the picture seen may due more generalized, but 
nevertheless direct action chloroform the organs. For this 
view have preference direct evidence, although parallels 
come easily mind (congenital syphilitic pneumonia alba, the 
absence characteristic gingivitis infantile scurvy, etc.). 

More interesting the question why Whipple and Hurwitz 
(67) were unable cause changes any sort the offspring 
from dogs poisoned with chloroform. Most our experiments 
have been carried out with guinea pigs, rabbits, and cats, only two 
dogs having been used. The question the composition the 
chloroform used might considered, since (70) has found 
that phosgene capable causing fatty visceral changes. But 
our work high grade chloroform was used (Squibb’s anesthetic 
chloroform, protected brown bottles). Another important con- 
sideration the state nutrition the animals, since, well 
known, this may account for marked variations the susceptibility 
great variety poisons, including those the group with 
which are concerned. The influence” liver 
glycogen has long been known. 

Our results harmonize better with those Raysky (71), who 
has recently found that chloroform, when given pregnant rabbits, 
may produce parenchymatous and fatty changes the fetuses, but 
much less degree than the mothers. makes mention 
the presence definite areas necrosis the liver lobules 
the young. Here, again, the fetal lesions may those asphyxia 
produced the slipping the placenta, etc. Pertinent the 
discussion also the work Nicloux (72) who, experiments 
pregnant guinea pigs, has found that the quantity chloro- 
form fixed the fetal liver proportionately greater than that 
fixed the maternal liver. 
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(b) Details Experiments—The chloroform experiments have been carried 
out with guinea pigs, rabbits, cats, and dogs. all, animals have been 
studied, which number were the mothers, and the remaining consti- 
tuted the young the various litters. all but three the experiments the 
whole litters were affected. Once pregnant guinea pig after being anes- 
thetized for thirty minutes gave birth, two days later, litter four, 
which two remained healthy and lived adults, and two died during the 
first three days, showing rather high grade visceral fatty changes, but hemor- 
rhage icterus. another experiment, the administration chloroform 
guinea pig for fifteen minutes was not followed sufficient changes the 
young litter three) result the death any one them. Finally, 
cat that was anesthetized for twenty-five minutes, gave birth two days later 
single kitten, apparently not premature, which lived for only twenty-four hours, 
but which showed pronounced visceral changes any sort autopsy. The 
experiments were controlled the examination the tissues least two 
newly born normal animals from each species. the animals used controls, 
the dogs and guinea pigs were obtained from the same source those used 
the experiments, but the control rabbits and cats were obtained from source 
different from that the experimental animals. 

worthy mention that pregnant street dog brought the laboratory 
three days before labor showed high grade icterus and other evidence 
severe intoxication some sort, such drowsiness, lack appetite, and 
scanty urine. Three pups that lived for only few minutes after birth, although 
apparently full term, showed pronounced jaundice, very extensive visceral 
fatty changes, and few ecchymoses the various membranes. The mother 
dog, after being killed, showed practically the same changes. Cultures from 
the blood were sterile. These findings warn against undue certainty that 
experimental animals the chloroform the only cause the lesions produced. 
The chloroform has always been given inhalation. 

Cultures blood agar have been made practically every instance, but, 
with three exceptions, they have remained sterile. The positive cultures were 


obtained two young guinea pigs and kitten. All three showed general 


invasion organism, that was morphologically, culturally, and staining 
characteristics, identical with the ordinary colon bacillus. Also, when tested 
young animals the same species and approximately the same age, all three 
strains were non-pathogenic, except when injected intraperitoneally over- 
whelming doses dense twenty-four hour bouillon cultures. Follow- 
ing the injection these cultures, death occurred only after the lapse two 
three days, and post-mortem examination failed reveal the same lesions 
those seen the animals from which the growths were obtained. Both 
pigs that gave positive cultures showed extensive fatty changes the liver and 
other viscera, with few ecchymoses, but icterus and large hemorrhages. 
One the pigs the third, and the other the sixth day after birth. 
The kitten that gave the growth died the third day, and autopsy showed 
moderate icterus and fatty changes the viscera, but hemorrhages. Control 
cultures were made from fifteen animals Dr. Davis serve check 


upon duplicate set cultures made myself. each set, all the cultures 
were sterile. 
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For microscopical examination, pieces tissue from the different organs 
were fixed Zenker’s fluid and per cent. formalin. Both paraffin and 
frozen sections were made, the former which were stained with hematoxylin 
and eosin, the latter with fat stains, such Sudan III and osmic acid. Several 
pieces were also examined for fat the Marchi method. For the sake 
brevity, only certain the more interesting experiments will recorded 
detail. 

Experiment pregnant guinea pig, known within few days 
term, was deeply anesthetized with chloroform three successive days for 
fifteen minutes. the morning the third day after the last anesthesia, the 
animal was found dead; the body was still warm. autopsy, slight icteric 
tinge was noted the and subcutaneous tissues. The liver was large, 
soft, and yellowish gray color. The lobular markings could made out dis- 
tinctly pin-point sized, dark central areas surrounded pale peripheries. The 
kidneys were large, pale, and slightly granular. The heart was large, soft, and 
pale. The uterus contained five dead fetuses, all which appeared near 
term. They all presented the same slightly icteric tinge; and examination 
they all showed practically identical changes,—large, pale, soft livers, enlarged 
granular pale kidneys, and soft pale hearts. Microscopically the most impor- 
tant finding was the presence extensive fatty infiltration the viscera 
both the mother and the fetuses. This, course, was most marked the 
livers. Hardly single normal cell any the livers could made out, and 
when sections were stained with osmic acid they gave striking appearance 
(figure 1). Cultures from the fetuses and the mother remained sterile. 

Experiment 2—A pregnant guinea pig was kept under anesthesia for one 
hour and forty minutes. Two days later, apparently within few days term, 
gave birth three dead fetuses. The labor occurred under observation. 
Examination the viscera all, microscopically and with the naked eye, 
revealed essentially the same picture that described experiment except 
that icterus was noted. The mother showed marked ill effects and was 
not killed. This experiment seems show that the administration chloro- 
form prior labor may result abortion and death the fetus without caus- 
ing the death the mother. 

Experiment pregnant dog, near term, was anesthetized for twenty 
minutes with chloroform, during which time the reflexes were never entirely 
abolished. Two days later five pups were born, all normal appearance and 
action and about the same size. One pup died when twenty-four hours old. 
autopsy showed evidence infection about the navel elsewhere. 
There was icterus, but moderate fatty changes were evident the liver. 
The microscopical examination further showed moderate fatty changes the 
kidneys and heart, but nothing else importance. 

Another pup died when forty-eight hours old, and third when about sixty 
hours old. The other two died during the next twenty-four hours. autopsy 
each showed essentially the same evidence infection, slight 
icterus, rather marked fatty changes the viscera, most pronounced the liver, 
and multiple ecchymoses the subcutaneous tissues, stomach, and small intes- 
tines. addition, the kidneys were soft, and very dark red color, this color 
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extending into the renal pelvis. Microscopically, the fatty deposits the liver 
lobules were diffuse. The areas central hyaline necrosis found Whipple 
and Sperry (66) adult dogs with experimental late chloroform intoxication 
were not demonstrable. were occasional foci round cell infiltration, 
usually the periphery the lobule, but increase connective tissue. The 
bile ducts were normal. The epithelial cells the kidney were swollen, granular, 
and contained numerous small fat droplets. These changes were most conspicu- 
ous the convoluted tubules. The lumina the tubules contained blood. 
the myocardium, the muscle cells contained moderate amount fat. The 
stomachs the third and fifth pups showed microscopically several small hemor- 
rhages the mucosa, but ulceration. The other viscera showed changes 
importance. 

The mother dog, the fifth day after the birth the litter, was killed 
sudden overwhelming inhalation ether. Ether administered this manner 
incapable causing fatty changes the liver. autopsy, immediately after 
death, the liver was large and slightly paler than normally, and the lobular 
markings were little more distinct than usual the dog. changes were 
noted the other viscera. Microscopically, sections the liver showed 
moderate increase fat the parenchymatous cells, which was most marked 
the peripheries the lobules. Otherwise the liver was normal. 

this experiment, condition has been produced means chloroform, 
which its essential characteristics identical with that described Buhl. 
The pups have lived for variable times after birth, and after death have shown 
picture which the principal features are slight icterus, high grade fatty changes 
the viscera, numerous hemorrhages, and absence infection. 

Experiment 4—A pregnant guinea pig, thought near term, was anes- 
thetized for thirty minutes. Two days later gave birth litter two, 
both which died the second day after birth. autopsy, performed while 
the bodies were still warm, very striking changes were found (figures and 3). 

Guinea pig was slightly icteric. The skin and subcutaneous tissues were 
the site many sized The liver was large, yellow, and 
soft, and evidently contained large amount fat. Both kidneys were almost 
uniformly brownish black color, slightly larger than normally, and very soft. 
The heart muscle was pale and flabby. The stomach and duodenum contained 
dark brown material, and the mucosa each showed numerous ecchymoses. 
one place the pylorus, well the duodenum, the mucosa was absent 
over the area hemorrhage, that superficial ulceration had resulted. 

The microscopic findings are follows: 

The liver presents striking appearance virtue the extensive fatty 
infiltration. Practically every parenchymatous cell contains several fat droplets. 
general, this process most marked the central portion the lobule. 
the mid-zonal region each lobule there area which under high magni- 
fication seen consist finely granular cells. Only few nuclei the 
parenchymatous cells are evident, most them being stained fairly well. There 
are, however, small mid-zonal peripheral collections round cells, many 
these being also about the bile ducts. number small hemorrhages are 
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present, which have occurred the mid-zonal areas. The blood most the 
central veins and other vessels much disorganized that difficult 
distinguish the corpuscles. The bile ducts show important changes. 

Sections the kidney strongly recall the picture hemorrhagic infarct 
that kidney that has been experimentally asphyxiated clamping the 
renal artery. The whole structure appears more less melted together, and 
stains poorly; difficult the cortex differentiate the separate anatomical 
parts. the medulla, where the process less marked, the straight tubules and 
the renal pelvis are filled with blood, most which completely disorganized. 
Kidney cells, blood cells, and supporting structures, all tend toward solution. 

the adrenals are moderate fatty changes and occasional hemorrhages, par- 
ticularly the fascicular zone. The heart muscle the seat marked fatty 
infiltration. The other organs show important changes. 

Guinea pig shows practically the same findings guinea pig except that 
its kidneys, instead being dark brown color, are pale, soft, granular, and 
slightly yellowish. Microscopically, they show extensive parenchymatous 
degeneration with many fat vacuoles the epithelium the tubules, especially 
the convoluted tubules. The veins and capillaries are considerably distended 
with blood, but hemorrhages have occurred into the lumina the tubules. 

The mother the guinea pigs, the third day after the birth the litter, 
showed numerous small hemorrhages the skin the abdomen, and had 
lost sixty grams weight during the first two days after delivery. Simultane- 
ously also, its hair was shed abundant quantities, that several places 
the animal became practically bald, and its drowsiness, apathy, and loss 
appetite gave evidence severe disturbance. However, after ten days had 
apparently entirely recovered from the condition and was not killed. 

this experiment, guinea pig presents clinical and pathological features 
corresponding the description the so-called Winckel’s disease; and guinea 
pig shows the characteristics Buhl’s disease. These facts are particularly 
interesting when considered that the two guinea pigs were the same litter, 
and hence were subjected the same general conditions, because proof hereby 
brought that one and the same cause may responsible for pictures that are 
different have been regarded separate diseases. Moreover, indicates 
that not necessary for chloroform administered pregnant animal 
over long period time order induce labor and produce extensive 
visceral changes the young. Further comment this experiment given 
below. 

Experiment 5—A pregnant dog, considered within day two 
labor, was chloroformed for one hour. Three days later two pups that had 
been born during the night were found the cage. One, which was probably 
dead birth, had been chewed and macerated such extent that satis- 
factory examination was impossible. The other was normal appearance but 
had little desire suck. was found dead the morning the third day 
after birth. Post-mortem examination showed icterus, but few subcu- 
taneous ecchymoses. The chief visceral abnormalities were the liver and 
the kidneys. The former was large, soft, and almost cream colored, due evidently 
the accumulation fat. The kidneys also were large and flabby. The most 
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striking change was the renal pelvis, which was deeply injected, and con- 
tained small amount loosely clotted blood. The medulla was much lighter 
color, but presented numerous dark red streaks. The cortex was brown 
(figure 4). 

Microscopically, the changes the liver were such have been described 
connection with other experiments. The kidneys showed extensive hemor- 
rhages into the renal tubules and the mucosa the pelvis. addition, the 
parenchymatous cells, particularly those the convoluted tubules, were swollen, 
granular, and infiltrated with droplets fat. 

this experiment, also, are dealing with condition acute parenchym- 
atous degeneration and fatty infiltration the liver, with hemorrhage into the 
renal tubules, pup that died the third day after birth; other words, 
with condition which, except for the absence icterus, would commonly 
called Winckel’s disease. 

Summarizing the experimental results this point, may 
said that administration chloroform pregnant animals 
short time before term has been followed within few hours 
days labor. The regularity with which labor follows the anes- 
thesia seems indicate that induced thereby. The mothers 
may give external evidences injury they may die with 
icterus, hemorrhages, and acute parenchymatous degeneration 
the viscera, accompanied fatty infiltration which most marked 
the liver. The offspring may born dead, may die soon after 
birth, live for few days apparent health and then develop 
symptoms ending death, they may show only mild symp- 
toms and normal development. The changes shown 
the offspring are always much the same, except regards intensity 
and distribution. The general changes and those the different 
viscera are, believe, hardly distinguishable from those that may 
experimentally produced general local protracted asphyxia 
namely, cyanosis, hemorrhages, acute parenchymatous degeneration 
with marked fatty infiltration the liver, acute parenchymatous 
degeneration and some fatty infiltration the other viscera, edema, 
and icterus. According the degree, relative proportion, site 
these changes, have the picture Buhl’s disease, Winckel’s 
disease, etc., the case may be. 
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DIRECT ASPHYXIA THE FETUS PRODUCES ESSENTIALLY THE 
SAME CHANGES. 


order portray more clearly the similarity these conditions 
those following lack oxygen, another set experiments was 
devised which had their object the production direct asphyxia 
the fetus. These experiments will reported more completely 
later time. Only three typical experiments are summarized 
here. 


Experiment pregnant guinea pig was put into glass jar with just 
enough air admitted maintain life. After four hours, marked dyspnea and 
cyanosis developed which continued during the whole experiment. The animal, 
however, spite the conditions, consumed daily about half its customary 
allowance carrots. the morning the third day (at the end forty 
hours), two dead fetuses, apparently fully developed, were found the jar, 
the mother being still alive. autopsy both fetuses showed essentially the same 
changes. The livers were moderately infiltrated with fat. The kidneys were 
large, fatty, and showed several subcapsular ecchymoses. icterus was 
present. The other viscera showed changes note. The mother guinea 
pig remained healthy for ten days. 

Experiment pregnant guinea pig was anesthetized with ether. Under 
aseptic precautions three branches the uterine artery the fundus the 
uterus were ligated, and the abdomen was closed. The duration the opera- 
tion was ten minutes. Twenty-four hours later three dead guinea pigs, appar- 
ently term, were found the cage. autopsy, guinea pig showed slight 
fatty infiltration the liver, and marked hyperemia and ecchymoses the 
kidneys. The stomach was distended with blood and its walls were hemor- 
rhagic. Icterus was not present; and there were important changes the 
other viscera. Guinea pigs and showed much more fat their livers than 
guinea pig and blood the stomach, but otherwise the findings were the 
same. 

Experiment ether anesthesia, branches the uterine artery 
pregnant guinea pig were ligated aseptically the preceding experiment, and 
the abdomen was closed. Three days later the animal died, and autopsy was 
made while the body was still warm. There were recent adhesions about the 
laparotomy incision but evidence extensive peritonitis. small amount 
clear fluid was present the abdomen. The mesenteric glands were not en- 
larged. The uterus was markedly hemorrhagic and contained two dead fetuses 
which seemed fully developed. Both young guinea pigs showed substan- 
tially the same condition. The tissues each were intensely hemorrhagic, and 
the abdominal cavities contained much free blood, almost completely laked. 
The livers were greatly enlarged and showed excessive fatty infiltration. The 
kidneys were large and fatty, and were diffused throughout with laked blood. 
The stomachs were filled with blood-stained fluid, and their walls were hemor- 
rhagic. There was icterus. The mother showed fatty changes hemor- 
rhages, except the uterus. 
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Cultures were made agar from the heart’s blood one fetus and the 
mother. The former was sterile, but the latter, c.c. blood examined, 
showed eight colonies the colon bacillus. 

these experiments, hemorrhages into the kidneys, alimentary 
tract, and elsewhere, addition pronounced visceral fatty 
changes, have been produced direct asphyxia the fetus. 

Through the courtesy Dr. LeCount and Dr. Helm- 
holz, have had the opportunity studying three cases this 
general condition new-born infants, all which had been de- 
livered under chloroform and were born asphyxia. Clinically 
and pathologically, two agreed with Buhl’s syndrome; the third 
was associated with evidence intestinal infection. The close 
agreement between these clinical cases and our experimental results 
was striking. Here again interesting that although the gross 
pathological picture presented these infants closely resembled the 
condition “late chloroform poisoning” the adult, nevertheless 
microscopically the central areas necrosis the liver were not 
found. 

GENERAL DISCUSSION THE RESULTS. 


Allusion has already been made the similarities these vari- 
ous conditions. They are marked compel one entertain 
the idea that all may variations one process. Further support 
given such inference experiment which two guinea 
pigs the same litter developed conditions closely resembling 
Buhl’s and Winckel’s diseases respectively, although both animals 
had been subjected identical conditions. Practically all the strik- 
ing pathological changes described these different conditions 
have been produced various combinations the use one 
experimental procedure. Thus, fatty changes alone have pre- 
dominated times; other times fatty changes with icterus; 
again fatty changes with ecchymoses, and sometimes combination 
all three changes with without ulcerations the gastric 
mucosa. Finally, the experiments which the kidneys were 
most involved, hemoglobinuria has occurred with the production 
the typical picture Winckel’s disease. not possible that 
simple, so-called physiological icterus the new-born may 
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mild expression the same process? interesting that Zweifel 
(73) considered the possibility causal relationship between 
chloroform intoxication and simple icterus neonatorum, but later 
discarded because, comparative series births with and 
without the use the drug, found the percentage icterus 
cases about the same each series. 

regretted that has been impossible formulate from 
the literature any extensive series statistics showing the fre- 
quency with which any one these various syndromes has fol- 
lowed either the use chloroform condition extreme 
asphyxia labor. 

The intimate association icterus with hemorrhagic tendency 
has long been question great interest and has aroused much 
discussion. the earlier literature, much stress was laid upon the 
influence that the bile the blood exerts upon its coagulability. 
Later the observation was repeatedly made that those conditions 
which were characterized icterus and high grade fatty changes 
the liver were also likely associated with fatty changes 
the vessel walls. Thus the conception arose that the hemorrhage 
was large measure due weakening the vessel wall. 
These observations have been made, particularly connection with 
phosphorus poisoning, Klebs (74), Bollinger (75), Schultzen 
and Riefs (76), Wegner (77), etc. the last few years, much 
valuable light has been thrown upon this question. series 
articles, Doyon (78), conjunction with Gautier (79, 81), 
(80), and Morel (82), has produced evidence which first sight 
strongly suggests that fibrinogen formed chiefly the liver, and 
that interference with normal liver functioning interferes corre- 
spondingly with the production fibrinogen and therefore induces 
condition diminished coagulability the blood. Recently, 
Whipple and Hurwitz (67), from experiments dealing chiefly with 
intoxication, have arrived the same general conclu- 
sions. the light these facts, the temptation strong assume 
that the hemorrhagic tendency these affections the newly born 
dependent primarily upon process that interferes with normal 
liver functioning, yet there are reasons for exercising some reserve 
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accepting this hypothesis, and for preferring ascribe the 
hemorrhagic tendency more fundamental and widespread 
change, result which not only fibrinogen, but innumerable 
other proteins tend remain solution pass into solution, 
with the result that apart from. diminished blood coagulability there 
great reduction the firmness the vessel walls. 

The formation ulcerations the gastric and duodenal mucosa 
after the use chloroform these experiments not surprising. 
Since 1866, when Nothnagel (83) described their occurrence 
experimental chloroform intoxications rabbits, numerous similar 
observations have been made human beings well animals. 
Whipple and Sperry (66), six experiments adult dogs, ob- 
served ulcerations this kind three the dogs. They suggest 
the cause these formations the digestion mucosa the site 

considering the question the fatty changes which, gen- 
eral, are conspicuous feature these various syndromes, 
interesting that one occasionally finds the literature report 
one these syndromes which distinctly stated that 
fatty changes were evident. the light Rosenfeld’s (84) im- 
portant work this not surprising; for this author has shown 
clearly that least the greatest part the fat found the liver 
after phosphorus poisoning has been transferred those viscera 
from the various fat depots the body. Therefore, emaci- 
ated infants whose fat has been used up, should have reason 
expect marked fatty changes the viscera; for sufficiently emaci- 
ated adults and animals fail show fatty changes the liver when 
poisoned with phosphorus. 


Those conditions the new-born characterized hemorrhagic 
tendency, icterus, and fatty changes, are probably all syndromes 
which may occur the result number toxic agents. 

All them, however, have been produced, these experiments, 
the action single experimental agent. Thus, picture indis- 
tinguishable from that called Buhl’s disease has been obtained 
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the use chloroform, have also the pictures known Winckel’s 
disease, neonatorum, etc. 

Chloroform not held the only substance that has this 
power. stands rather one member group agents, the 
effects which general and individual organs are similar 
those caused lack oxygen. 

The essential features these conditions have also been pro- 
duced direct asphyxiation the fetus. The suggestion there- 
fore made that underlying all these symptoms 
complexes, there deficiency oxidation, general, local, 
selective, thus bringing this group diseases into the general cate- 
gory acute yellow atrophy the liver, eclampsia, pernicious 
vomiting, cyclic vomiting, phosphorus poisoning, etc. 

human beings, chloroform and asphyxia must, many in- 
stances, the determining causes. 

There remain, however, other cases which different factors are 
sought. 
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EXPLANATION PLATES. 
46. 


Fic. fetal guinea pig liver from experiment stained with 
osmic acid show the large amount fat present. Death occurred utero, 
following three administrations chloroform the mother. 


PLATE 47. 


Fic. Kidney with extensive hemorrhage, from guinea pig (experiment 
4). Two days before birth, the mother this guinea pig was given chloroform 
for thirty minutes. The young animal lived for little over twenty-four hours, 
and presented the essential features Winckel’s disease. 

Fic. Kidney from guinea pig the same litter. This animal presented 
the characteristics Buhl’s disease. 


Fic. Kidney from the pup described experiment showing features 
Winckel’s disease. 


GLOMERULAR LESIONS SUBACUTE BACTERIAL 
ENDOCARDITIS.* 


GEORGE. BAEHR, M.D. 
(From the Pathological Laboratory, Mount Sinai Hospital, New York.) 


the kidneys nearly all individuals dying during the course 
subacute bacterial there exists pathological 
lesion which affects one more loops variable proportion 
the glomeruli. The uninvolved glomeruli and the uninvolved loops 
affected glomeruli these kidneys are apparently normal. This 
pathological picture has been almost universally overlooked, prob- 
ably because few observers have had the opportunity investigat- 
ing large number cases during relatively short space time. 
The study that forms the subject this report was possible only 
because the large amount material which Dr. Libman has 
carefully collected, especially during the past few years, from cases 
this disease. 

When the prominence the lesions, the symptoms referable 
them, have attracted any attention, they have, rule, been 
called glomerulo-nephritis. for example, has included 
four instances among his reported cases and chronic 
infective endocarditis” which microscopically diagnosis 


This work was carried out under the tenure the Eugene Meyer, Jr., 
Fellowship. Received for publication, February 1912. 

*The term “subacute bacterial endocarditis” here used preference 
chronic infective chronic ulcerative endocarditis. This substitution was 
suggested Dr. Libman and possesses some distinct advantages. The dis- 
ease, with very few exceptions, runs subacute course. The term “infective” 
objectionable for includes that large group endocarditis due syphilis, 
and may eventually shown include that due rheumatic fever. The 
term moreover, misnomer, the majority the cardiac lesions 
presenting evidences ulcerative process. 

Die septischen Erkrankungen, Vienna, 1903, 393. 
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nephritis hemorrhagica was made. Similarly, Rom- 
and among others, have noted the presence 
hematuria during the course infective ulcerative endocarditis, 
but apparently they were not aware its constancy the chronic 
type the disease. Only report sixteen cases 
chronic infective endocarditis, called attention the fact that 
this condition the renal symptoms are special interest because 
their frequency and intensity, these often being marked that 
the clinical diagnosis acute hemorrhagic nephritis made. 

has included “ulcerative” endocarditis among the com- 
monest causes glomerulo-nephritis. And considering the 
various types glomerular changes that can occur glomerulo- 
nephritis, has included very brief description lesion which, 
some details, resembles the one described this paper. 
has not, however, noted any association between this type 
glomerulo-nephritis and chronic 

his monograph the inflammatory changes the glomeruli, 
Léhlein® included among the thirty-five cases primary glomer- 
ular disease two cases which the lesions were identical with those 
that shall describe. both instances, the individuals died during 
the course chronic endocarditis. that time, 
believed that the lesion was one the effects the toxemia 
this disease and that was not embolic origin. therefore 
included his group .subacute glomerulo-nephritis. Subse- 
quently, March, 1910, reported eight cases chronic ulcer- 
endocarditis all which loops some the glomeruli 
showed this lesion. three these cases Streptococcus viridans 
was obtained blood cultures taken during life, and one other 

Deutsch. Arch. klin. Med., 33. 

Lehrbuch der Krankheiten des Herzens und der 
Stuttgart, 1906, 361. 

Quart. Jour. Med., 1908-09, ii, 280. 

Deutsch. med. 1899, xxv, 

Aschoff, Pathologische Anatomie, Jena, 1909, ii, 485. 

the second edition Pathologische Anatomie, which has appeared since 
the above was written, Aschoff describes the relation the lesion endocarditis. 

Uber die entziindlichen der Glomeruli der men- 


schlichen Nieren und ihre Bedeutung fiir die Nephritis, Leipzig, 1907. 
Med. Klin., 1910, vi, 375. 
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was cultivated from the vegetations post-mortem. Although 
search was made, bacteria were not demonstrated the glomeruli. 
But one case, the lumen artery entering infarcted area 
was occluded embolus which contained numbers strepto- 
cocci. Because this finding, Lohlein presumed that the glomer- 
ular lesions might also due bacterial emboli. 

Bacteriology.—In the present work, the kidneys thirty-four 
cases chronic bacterial endocarditis were studied. this num- 
ber, twenty-five cases were proven due the organism which 
calls the Streptococcus mitis viridans, but which 
believes modified pneumococcus. the other 
hand, Libman and have shown that this organism possesses 
some characteristics the streptococcus and other characteristics 
the pneumococcus. Libman has recently pointed out, has 
not been determined the present whether this organism 
streptococcus, pneumococcus that has been attenuated during 
its long residence the body, its cultural characteristics becoming 
modified. Until this determined, the possibility will exist that 
belongs separate group intermediate between the strepto- 
coccus and pneumococcus. For the present, therefore, Libman 
has chosen avoid the terms “attenuated streptococcus,” 
fied pneumococcus,” even “Streptococcus and pre- 
fers speak the endocarditis coccus the coccus sub- 
acute bacterial endocarditis. This seems justified the fact that 
the large number cases subacute bacterial endocarditis 
which has observed, sixty-four, which positive blood cul- 
tures were obtained, this distinctive organism was found almost 
per cent. 

will seen table II, the endocarditis coccus was found 
twenty-two the cases this series the blood cultures taken 
during life, once the vegetations when repeated blood cultures 
were negative, and twice the vegetations when previous blood 
cultures had been taken. was undoubtedly, therefore, the causa- 
tive agent twenty-five these cases. the two other cases 

Miinchen med. 1910, 617. 


Jour. Infect. Dis., 1900, vi, 245. 
and Celler, Am. Jour. Med. Sc., 1910, cxl, 516. 
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the series which positive blood cultures were obtained during 
life, one the influenza bacillus was found, the the 
gonococcus was recovered. 

Seven other cases seen included the present series, 
although the blood cultures were negative all, and microscopic 
examination the vegetations demonstrated that they contained 
bacteria. has recently demonstrated these cases 
examples subacute bacterial endocarditis 
healing healed stage. The reasons for this view will pre- 
sented when consideration the findings the glomeruli 
these bacteria-free cases taken up. 

all the thirty-four cases that form the basis 
this report, numerous sections were studied. each instance, 
three ten blocks tissue taken from one both kidneys were 
cut paraffin, sometimes serial sections. The sections from 
each block were studied with single hematoxylin stains, either 
Harris’s Delafield’s, with hematoxylin and eosin, Van Gieson’s 
stain, the Gram-Weigert method for demonstrating bacteria, with 
Weigert’s elastica the acid orcein method for staining elastic 
fibrils, and with the Weigert fibrin method. The previous fixation 
was most cases formol-Mueller (Orth), although some the 
material was fixed percent. solution formalin, Zenker’s, 
Flemming’s, Kaiserling’s fluid, alcohol. Bacteria were 
demonstrable only tissue from five organs that had been fixed 
alcohol. 

The Endocarditis proceeding consideration 
the glomerular lesion, necessary understand few the 
cultural characteristics the endocarditis coccus order able 
appreciate the mechanism which the kidney lesions are pro- 
duced. the surface agar, its growth exceedingly dry and 
sometimes difficult remove. When attempt made emulsify 
this growth normal salt solution, the preparation vaccines, 
the bacteria show very marked tendency hang together small 
firm clumps which usually cannot broken even very vigor- 


indebted Dr. Humphries, the German Hospital, for the material 
from this case. 
Proc. Path. Soc., December, 1911. 
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ous shaking. The persistence these clumps makes satisfactory 
emulsion almost impossible. Similarly the growth the organism 
bouillon characterized the formation small firm clumps 
which cannot broken shaking. 

the superficial portions the vegetations, microscopical sec- 
tions demonstrate the presence immense numbers the cocci 
chains which are similarly grouped into small clumps. Smears 
made from pieces vegetation squeezed between slides and stained 
Gram’s method, show the presence the typical cocci num- 
bers such are seen only smears made from pure cultures. 
quite conceivable, therefore, that large numbers these clumps 
are constantly being washed off the vegetations the blood current, 
and, being just small enough pass the vasa afferentia the kid- 
ney, become lodged the capillary loops the glomeruli. Here, 
because the organisms are non-pyogenic and possess little 
chemotactic power, they induce the lesions which will considered 
later. The description that follows the pathological process aims 
give composite picture the lesions studied many cases. 

Glomerular Lesions the Bacterial the microscopical 
sections kidneys individuals this series dying during the 
active bacterial stage subacute bacterial endocarditis due the 
endocarditis coccus, there were seen, rule, all stages the 
glomerular disease described. The number involved loops 
glomerular tuft, and therefore the size the glomerular lesion, 
varied the different diseased Malpighian bodies. Furthermore, 
the relative number glomeruli showing the lesion varied within 
narrow limits sections from different portions the kidneys 
the same individual, and, will shown, sometimes varied very 
widely the kidneys different individuals with this disease. 

the outset, must understood that essential part the 
picture the absence any apparent changes the uninvolved 
glomeruli and the uninvolved loops affected glomeruli. 

The very earliest stage the process appears consist 
swelling the glomerular epithelium the involved loops. the 
lesion small and affects only one more loops, may situated 
any portion the glomerular tuft. other words, may 
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involve loops the periphery even the central portion 
glomerulus. the lesion larger, segment the glomerulus, 
even the entire Malpighian body may involved the process. 
first the outlines the swollen epithelial cells the diseased 
segment can made out. The capillaries are compressed, con- 
tain blood, and their lumina are obliterated. The swollen 
glomerular epithelium resembles this stage the epithelium the 
tubules, taking the various stains even more intensely. 

Subsequently the outlines the swollen cells become lost and 
the entire structure fused into homogeneous finely granular 
material (figure 1). this mass, some the nuclei are fading 
undergoing karyorrhexis, although few may still remain fairly 
well preserved. this stage, the Weigert method, the presence 
small amount fibrin can often demonstrated, though 
never any considerable quantity. The homogeneous mass 
fairly circumscribed. With the single hematoxylin stain, either 
Delafield’s Harris’s, takes intense stain, causing stand 
out very prominently. this reason, the single hematoxylin 
stains are most satisfactory for studying the early stages the 
lesion. Van Gieson’s stain, presents reddish brown 
golden brown color which also forms sharp contrast with the 
examples the later stages the process usually observable 
the same section. 

the deep staining, finely granular mass situated the periph- 
ery the glomerulus, the epithelium the visceral layer Bow- 
man’s capsule over usually found swollen, proliferating, 
and desquamating into the capsular space. this stage, fig- 
ure can often distinctly seen that the epithelial cells the 
capsular space are being derived from the visceral layer Bow- 
man’s capsule and not from the parietal layer. When the mass 
with its overlying epithelium comes into contact with the parietal 
layer Bowman’s capsule, the latter then probably also takes 
share the desquamation, and perhaps the proliferation. The 
amount epithelium the capsular space varies the different 
cases, fairly large crescents are formed resembling those sub- 
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acute glomerulo-nephritis. Occasionally these cells are seen 
contain mitotic figures. 

Eventually this epithelium undergoes necrosis, did the pre- 
viously swollen epithelium the involved loops the glomerulus. 
also becomes part the homogeneous, finely granular mass 
which now fuses with the parietal layer Bowman’s capsule. 
this stage, disintegration well advanced, the mass may become 
flattened out over the area fusion with Bowman’s capsule 
crescentic fashion. 

many pictures like the latter, the homogeneous cellular material 
seen, Van Gieson’s stain, traversed very delicate 
pink-staining network. The membrana propria Bowman’s cap- 
figure Usually this time has entirely disappeared the 
site the lesion. The circumcapsular connective tissue usually 
first slightly edematous; this accentuates its fibrillar character. 
Usually seen actively proliferating, least the site 
small collection round cells. Occasionally fibroblasts can 
seen invading the homogeneous cellular debris from this circum- 
glomerular connective tissue, and actively taking part the 
production the delicate fibrillar meshwork just described. 

Simultaneous with the replacement the cellular debris this 
connective tissue network, there occurs active growth the 
epithelial cells the adjacent intact portions the parietal layer 
Bowman’s capsule. They advance over the inner aspect the 
necrotic mass which this time has usually separated somewhat 
from the rest the glomerulus. Eventually the entire lateral sur- 
faces the mass are covered this invading epithelium (fig- 
ure 4). 

Finally, the fibrillar network, seen with Van Gieson’s stain, 
becomes gradually thicker until has entirely replaced the cellular 
debris. The end stage reached when the material consists 
almost solid mass dense fibrous material staining uniform deep 
red with Van Gieson’s stain, and showing clefts here and there 
which spindle-shaped nuclei are present (figure 6). With the 
single hematoxylin stain, the mass assumes very pale homo- 
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geneous blue and presents the characteristic appearance hyaline 
tissue (figure 5). This represents the healed stage-of the lesion: 
hyaline mass having roughly the shape truncated pyramid; 
its base fused with the adjacent interstitial tissue; its mesial aspect 
adherent the remainder the glomerulus; its sides clothed 
reflection from the adjacent epithelium Bowman’s capsule. 

When the whole large part the glomerulus involved 
the process, the last picture slightly different, but the process 
essentially the same. The invasion the disintegrating cellular 
material the connective tissue always seen take place from 
without inward. The invading fibrillar material, seen with Van 
Gieson’s stain will, however, tend assume concentric arrange- 
ment. the entire glomerulus involved, its peripheral portion 
may seen replaced concentric fibrils connective tissue 
origin staining intense red, whereas the central portion still 
consists homogeneous reddish brown golden brown material. 
the same section, however, examples even later stages are 
frequently seen, the glomerulus being entirely replaced mass 
hyaline fibrous 

Practically every stage the process described above, from the 
early one shown figure the later, healed stage, seen 
figure and even the hyalinization entire glomerulus, 
seen nearly every microscopical section the kidney cortex 
from most the cases subacute bacterial endocarditis due 
the typical endocarditis coccus. And this association the various 
stages important part the pathological picture. 

the twenty-five cases this series which were proven 
this origin, twenty-three the glomeruli were diseased, and 
twenty-one the typical lesions just described were present. 
consideration the two cases which did not show glomerular dis- 
ease, and the two cases which the glomerular lesions could not 
called typical, shall subsequently return. 

Contrary views, believe that when one more loops 
glomerulus have reached this end stage and have been converted into hyaline 
mass, the process does not spread extension the remainder the 


glomerulus. These other loops can only involved they turn are struck 
other emboli. 
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desire emphasize the fact that the twenty-one cases just 
referred to, usually only minority the glomeruli were affected. 
rule, the majority the glomeruli, and even the portions 
diseased glomeruli unaffected the process, were, has been 
said, for the most part normal. The percentage glomeruli in- 
volved varied from per cent. the cases that showed 
small number lesions, sometimes several sections from some 
portions the kidney showed none whatever. Other cases also 
varied widely, some portions kidney having involvement 


low per cent., other portions from the same organ having 
per cent. 


TABLE 


these twenty-one cases, the average number glomeruli show- 
ing the typical disease was about per cent. The variations the 
proportionate number glomeruli involved probably depend 
great part upon the previous duration the disease,—a point which 
can seldom accurately determined. The extent the cardiac 
vegetations, the number bacteria the blood, variations 
some characteristics the infecting organism, etc., may also in- 
fluential 

these twenty-one cases subacute bacterial endocarditis 
which were due the typical coccus, and which the glomerular 
described above were found, the relative proportion the 
early the late healed stage the lesion varied follows: 


Both varieties: 
Majority lesions early stage ....... cases. 


Equal proportion early and healed ... cases. 
Majority lesions healing healed .... cases. 


“Further data concerning these factors are present being collected Dr. 
Libman and me, and will shortly published 
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These variations are also probably due different factors, chief 
among which probably the period the duration the disease 
before death occurred. 

Bacterial sections five cases which portions 
the kidneys were fixed alcohol, Gram-Weigert stains demonstrated 
bacterial emboli the capillaries the glomeruli. These consisted 
small masses made cocci arranged chains and presenting 
the typical morphology. Occasionally the clumps were quite large, 
filling one more the capillary loops. The individual organ- 
isms were usually lancet-shaped, and often bacillary, figure 
The bacterial plugs were found the very early glomerular lesions, 
though some were demonstrable glomerular capillaries which 
showed little lesion. The latter probably represented bac- 
terial masses which were thrown off the vegetations just before 
death. the later stages the lesions, bacteria were never found; 
apparently they underwent destruction during the early stages when 
the glomerular structure was disintegrating. 

two cases, these glomerular emboli were quite numerous, and 
the three remaining cases they were discovered brief 
search. the two former cases, bacterial clumps were also found 
capillaries the interstitium, some the midst small areas 
round cell infiltration. 

Tubules and Interstitiwm.—In all these twenty-one cases, 
blood was found the tubules, and the serial sections was 
possible trace this glomeruli which were the earliest 
stages the process. This the explanation the almost con- 
stant hematuria that observed individuals with this disease, 
the urine examined microscopically. The hemorrhage occurs 
very early the glomerular disease, probably even before the stage 
depicted figure The red blood cells also disappear very early 
from the capsular space, probably because the greater part the 
glomerulus being usually undamaged, the continued secretion 
urine from the intact portions the glomerulus washes them away. 

these kidneys, the effect damaged glomerulus upon the 
tubules relation it,—the so-called inactivity 
easily studied. addition relatively insignificant diffuse paren- 
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chymatous changes throughout the organ, the tubules intimate rela- 
tion with the badly diseased glomeruli undergo marked atrophy. 
Their epithelium becomes small and shrunken, just rim cyto- 
plasm remaining about the nucleus; their Around 
these cords atrophic cells, round cell infiltration occurs, re- 
placement fibrosis. Eventually the picture these places that 
very cellular connective tissue which, here and there, are 
irregular strands consisting almost wholly nuclei representing 
what was once tubular epithelium. 

Areas round cell infiltration can also occur the interstitium 
without any relation atrophic tubules. They occur the vicinity 
diseased glomeruli, and other portions the interstitium 
around capillaries which have been closed bacterial emboli. 

the glomerular disease very marked and the so-called 
activity atrophy” the tubules with its resultant replacement 
fibrosis the interstitium very advanced, picture will eventually 
produced that identical with that the usual secondary con- 
tracted kidney. Strands cellular fibrous tissue which are 
buried irregular cords atrophic tubules alternate with areas 
which the tubules are widely dilated, their epithelium flattened 
low cuboidal type, and the interstitial tissue little not all in- 
creased. picture like this was seen two the twenty-one 
active cases subacute bacterial endocarditis showing typical 
glomerular lesions, and two the seven cases the healed 
bacteria-free stage which will described later. 

Cases with Glomerular Lesions.—Of the twenty-seven cases 
the active bacterial stage this disease, all but two were due 
the endocarditis coccus. these two, one, the infecting agent 
was Bacillus influenze, the other, the gonococcus. none 
the sections from either these two cases was single glomerulus 
found that showed any pathological lesions. 

Similarly, two the cases due the typical coccus sub- 
acute bacterial endocarditis, glomerular lesions were found, 
although one case seven, and the other nine blocks taken from 
various parts the kidneys were examined. 

The first case was that girl twelve years whose entire 
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TABLE III. 


Thirty-Four Cases Subacute Bacterial Endocarditis. 


Glomeruli. 


Normal. Typical. 


cases the bacterial stage 
which blood cultures during life were positive 
which blood cultures were negative but vegeta- 
tions contained the bacteria 
which blood cultures were not taken but vegeta- 
tions contained the bacteria 
not due the endocarditis coccus 
which was found blood cultures 
during life 
which gonococcus was found blood cultures 
during life 
had negative blood none were taken. 
all, vegetations were 


illness previous her admission the hospital was less than three 
weeks. After entering the hospital, her condition was critical, and 
during the eight days that she was under observation, two blood 
cultures showed the association the endocarditis coccus with 
Staphylococcus albus. autopsy, the vegetations were found 
filled with polynuclear leucocytes, and extensive purulent infiltra- 
tions were present the kidneys and other organs. This was 
unlike the process seen any other case for, was previously 
mentioned, the endocarditis coccus possesses chemotactic power. 
Here was evidently intercurrent infection with staphylococcus 
that cut the disease prematurely short. possible that the dura- 
tion the disease was not long enough for the production any 
extensive glomerular injury. 

The second instance which glomerular lesions were found 
occurred man thirty-four years who, during his stay the 
hospital, had five blood cultures taken. The first three were 
negative, the fourth showed the presence two colonies the 
typical organisms one plate, and the fifth blood culture was 

case included although the clinical course was relatively acute, 


because the lesions found the heart were characteristic subacute bacterial 
endocarditis. 
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negative. autopsy, the greater part the vegetations was 
found healed and bacteria-free. The explanation for the 
absence glomerular lesions might that the duration the dis- 
ease was cut short the vegetations becoming free bacteria 
very early during the course the disease, the lesions then going 
toward healing. the other hand, the characteristics the in- 
fecting organisms these two cases may have been different, 
that clumps were not formed the usual fashion. This point can- 
not now determined. 

Cases with Atypical Lesions.—In two other cases the active 
bacterial stage, the glomerular lesions were exceedingly severe, 
very extensive, and resembled subacute glomerulo-nephritis. 
Nearly all the glomeruli were affected, and usually the entire 
glomerulus was involved. seen figure all the epithelial 
cells within the Malpighian tufts were markedly swollen, more 
less destroying the capillary structure. One side the capsular 
space was usually filled with crescent desquamated and com- 
pressed epithelial cells mixed with few leucocytes and sometimes 
with red blood cells. 

One these cases manifested symptoms renal insufficiency 
before death which was due uremia. Clinically and pathologic- 
ally, therefore, these two cases resembled subacute glomerulo- 
nephritis. Yet the possibility that the glomerular lesions could 
embolic origin must considered. 

experience, kidneys cases glomerulo-nephritis 
having glomerular lesions this type and this severity show 
involvement every glomerulus. Some glomeruli may show more 
severe lesions than others, yet all will present some disease. 
these cases, although some portions the kidneys showed such 
universal involvement, other portions contained admixture 
glomeruli that were absolutely normal. Furthermore, almost 
every involved glomerulus, serial sections demonstrated that num- 
ber loops some part presented much more advanced stage 
disintegration than did the remainder the glomerulus. 
other words, the usual picture was that seen figure but with 
number loops showing lesion resembling that depicted 
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figure Aschoff and others have pointed out, such picture 


sometimes seen glomerulo-nephritis. But these two cases 
was present almost every involved glomerulus. strongly 
suggests the possibility that the lesions were embolic origin but 
that, unlike the process the typical cases, the adjacent epithelium 
both within the glomerulus and Bowman’s capsule have under- 
gone reactive swelling and proliferation, probably because 
some difference the infecting organism the reaction the 
host. 

Unfortunately these kidneys were fixed formol-Mueller, which 
made demonstration the presence such bacterial emboli im- 
possible. Without this demonstration, such hypothesis cannot 
entertained. must, therefore, continue consider the 
pictures these two cases examples subacute glomerulo- 
nephritis. Furthermore, the coccus, which the causative agent 
this type bacterial endocarditis, closely related the ordi- 
nary streptococcus, the association which with the occurrence 
glomerulo-nephritis has been noted nearly every pathologist 
and clinician. 

Acute were studied the kidneys 
fifty-four cases acute endocarditis, about one half which were 
proven blood cultures cultural and microscopical examina- 
tions the vegetations bacterial origin. not single 
glomerulus, all the cases studied, was any lesion discovered that 
might any respect said resemble those subacute bacterial 
endocarditis due the endocarditis coccus. reason is, that 
when, cases acute bacterial endocarditis, bacterial emboli lodge 
the glomeruli, suppurative lesions are produced. The endo- 
carditis coccus, the contrary, non-pyogenic, and, well 
known, possesses little chemotactic power. 

Healed Cases Subacute Bacterial his large 
collection, Dr. Libman possesses seven hearts that present vege- 
tative lesions the endocardium, which has considered 
examples healed bacteria-free stage subacute bacterial 
This view was based part upon the clinical 


loc. cit. 
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course, the character the vegetations, and their location upon 
sites which Libman that time pointed out characteristic 
subacute bacterial endocarditis. Blood cultures taken four 
these cases were negative. Also the vegetations were, for the most 
part, completely healed and free from bacteria. None these 
cases were under observation when bacterial stage, but Libman 
has seen several other cases pass from the bacterial the bacteria- 
free stage during their clinical course. 

This view Libman’s was considerably strengthened the 
finding the typical glomerular lesions subacute bacterial endo- 
carditis six these seven cases. view the absence any 
such pathological lesion the fifty-four cases acute endocarditis 
studied, this finding seems indicate definitely that the six cases 
were examples healed subacute bacterial endocarditis due the 
endocarditis coccus. the seventh case, the patient suffered from 
general anasarca. autopsy, his kidneys presented the picture 
most advanced degree secondary contracted kidney. The 
glomeruli were identical with those described Lohlein some 
his cases secondary contracted kidney which there was 
antecedent glomerulo-nephritis; that is, hyaline thickening 
the walls the glomerular capillaries and enormous hyper- 
trophy, some the Malpighian tufts measuring over 400 micra 
diameter. 

was expected, only the healed stage the typical lesion 
was present the six cases (figure 7). But point interest was 
that distinctly fewer glomeruli were involved than most the 
cases the bacterial stage. was previously noted, the average 
number glomeruli affected the twenty cases dying during the 
bacterial stage (excluding the atypical cases), was about per cent. 
these six bacteria-free cases, the average number was per 
and one case was excluded, which per cent. the glomeruli 
were diseased and the kidney was typical example secondary 
contracted kidney, the average would fall per cent. 

explain this, the only plausible hypothesis that complete 
healing the endocardial process, should occur, must take place 
within relatively short time after the inception the disease. 
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Otherwise the patient will die during the bacterial stage because 
cerebral embolism, cardiac insufficiency, intercurrent infections, 
from the disease itself. Therefore the only healed cases 


that come autopsy will, rule, those cases which com- 


plete healing has occurred very early and before there was much 
chance for death from any one the many factors that threaten 
the life these patients during the bacterial stage. 

Clinical observations support this view. Cases are most fre- 
quently seen clinically during the bacterial stage, less frequently 
during the bacteria-free stage. But the rarest thing see 
case during the transition from one the other. Libman, for 
example, has seen only two cases which, after the blood cultures 
have been repeatedly positive, the patients have improved clinically, 
the blood cultures have become negative, and the patients have 
passed into the bacteria-free stage. other words, the active 
bacterial stage those cases that healed must very short. Most 
patients with subacute bacterial endocarditis have had many pre- 
vious attacks articular rheumatism, and active bacterial stage 
brief course, with its joint symptoms, etc., would almost 
impossible distinguish clinically from new attack articular 
rheumatism rheumatic endocarditis. 

The finding much lower percentage involved glomeruli 
the cases than the bacterial cases is, therefore, 
accord with the clinical facts indicating that those cases which 
complete healing the cardiac vegetations occur before death, 
have had very short bacterial stage. 


CONCLUSIONS. 


most cases chronic subacute bacterial endocarditis due 
the endocarditis coccus (Streptococcus viridans), there exists 
distinctive pathological lesion some the glomeruli due bac- 
terial emboli. 

The salient features the pathological picture are first, the 
involvement one more loops variable number glomeruli; 
secondly, the absence any visible disease the uninvolved glom- 
eruli and the uninvolved portions affected glomeruli; and 
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thirdly, the association most the bacterial cases all the vari- 
ous stages the glomerular process often seen single micro- 
scopical section. 

The lesion does not occur cases acute endocarditis, and 
the present time has been absent cases subacute bac- 
terial endocarditis due organisms other than the endocarditis 
coccus. 

group cases having vegetations that are typical 
those the active stage subacute endocarditis (except that they 
are free from bacteria and healing healed), the healed stage 
this distinctive glomerular lesion present, although less exten- 
sive than the active bacterial cases. 

These cases, therefore, are most probably examples sub- 
acute bacterial endocarditis due originally the endocarditis 
coccus, but which the endocardial vegetations have become free 
from bacteria rather early their course and are now healing 
healed, claimed Harbitz and Libman. 

During the active bacterial stage the disease, the glom- 
erular lesions are not too numerous, the only symptoms produced 
will almost constant hematuria, usually demonstrable only 
microscopically. the glomerular lesions are very numerous, 
symptoms resembling those subacute hemorrhagic nephritis may 
occur and may even cause fatal issue. the glomerular lesions 
are very numerous but not sufficient cause death, and the cardiac 
lesion should healing, contracted kidney, secondary 
the glomerular lesion, may subsequently ensue and produce the 
typical symptoms and death. such case, the finding the 
healed healing lesion subacute bacterial endocarditis will 
accidental. 

desire thank Dr. Mandlebaum, Director the Laboratory, 
for the photomicrographs. Dr. Libman indebted not only 
for the pathological material with which this work was done, but 
for advice and help during its progress. 
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EXPLANATION PLATES. 
PLATE 48. 


Fic. Early stage. The epithelial cells the involved tuft are swollen 
and degenerating. the capsular space are few cells which represent the 
proliferated and desquamated epithelium the glomerular layer Bowman’s 
capsule. The parietal layer still intact. Stained with hematoxylin. 315. 

Fic. stage showing destruction large segment. the capsular 
space the site the lesion seen the swollen epithelium which has 
proliferated and desquamated from Bowman’s capsule. Stained with hema- 
toxylin. 

PLATE 49. 


Fic. bacterial clump filling capillary loop glomerulus. Gram- 
Weigert’s stain. 1,000. 

Fic. lesion. The delicate fibrillar meshwork replacing the necrotic 
debris. the periphery the mass, portions the membrana propria 
Bowman’s capsule are seen still intact. Epithelium from the adjacent 
portions Bowman’s capsule has grown inward and now covers the inner 
aspect the mass. Van Gieson’s stain. 


PLATE 50. 


Fic. Old lesion. The typical picture after organization has occurred. 
The hyaline wedge covered its inner aspect epithelium which con- 
tinuous with the peripheral layer Bowman’s capsule. the adjacent inter- 
stitium small collection round cells. Stained with hematoxylin. 315. 

Fic. Old lesion. The same glomerulus figure but different 
level. With Van Gieson’s stain, the dense fibrillar meshwork that occupies the 
hyaline mass seen. 


PLATE 


Fic. From case healed subacute bacterial endocarditis. The typical 
wedge shown with epithelium reflected over from the peripheral layer 
Bowman’s capsule. Note the absence any change within the glomerulus 
other portions the capsule. Stained with hematoxylin. 315. 

Fic. Early stage resembling the process subacute glomerular nephritis. 
The entire glomerulus involved and all its cells are swollen and degenerating. 
Bowman’s capsule crescent proliferated and desquamated epithelial 
cells with few round and polynuclear cells. Stained with hematoxylin. 315. 


THE FUNCTION THE CIRCLE WILLIS.* 


Surgeon the Cincinnati Hospital, Cincinnati, Ohio. 
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1664, Dr. Thomas Willis, Oxford, published his 
Anatome,” which described, the base the brain, the 
arterial anastomosis which since then has borne his name. this 
book, there very interesting description 


*Read before the Physiological Society Oxford, England, July 
Received for publication, November 24, 

The following account this experiment taken from Dr, Willis’s Practice 
Physick (English translation Pordage, London, 1684, pt. vi, p.59). “Let the 
Carotidick Arteries laid bare either side the Cervix the hinder part 
the Head, that their little Tubes Pipes, about half inch long, may 
exhibited together the sight; then let dyed liquor, and contained large 
Squirt Pipe, injected upwards the trunk one side, after once twice 
injecting, you shall see the tincture dyed liquor descend from the other 
side the trunk the opposite Artery: yea, the same more copiously 
injected towards the Head, from thence returning through the Artery the 
opposite side, will thorow below the Praecordia, even the lower Region 
the Body; when the meantime, little nothing the same tincture 
carried thorow the outward and greater Jugular Veins. Then the Head being 
opened, all the Arteries, before the entrance the Head, and the Veins the 
same band with them, will imbued with the color the same injected liquor. 
Further, the Vessels which constitute the wonderful Net, and which cover the 
Basis the Brain, some footsteps the same tincture will appear. But that 
this liquor doth descend plentifully the opposite Artery, and not the 
Jugular Vein, either associate opposite, the reason is, because cannot enter 
those Veins, unless the region the whole Brain, being first passed thorow, 
had entered the bosom; but the liquor being plentifully injected, could not 
suddenly pass thorow the very small Vessels covering the Brain: wherefore 
rather than the force should carried the Brain the violent impulse 
the liquor, returning from the injection, and otherwise threatening flood 
the Brain, finds the way receding also the opposite Arteries, for that end, 
both before they enter the Brain, and after they have entered it, communicating 
among themselves. 

here cannot sufficiently admire provident (and equalled 
mechanical Art) dispensation the blood within the confines the 
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the result this experiment and the conclusions drawn 
therefrom Willis, for two hundred and fifty years have 
believed that was the function the circle Willis equalize 
the blood supply all parts the brain. had come regard 
this anastomosis kind reservoir from which the different 
parts the brain drew their blood supply through the various 
arteries leading from the circle. 

The conditions the living animal under physiological condi- 
tions seemed, however, worthy investigation. the experi- 
ments now described, fifty dogs and three monkeys were 
used. 

The animals were anesthetized with ether, and two cubic centi- 
meters per cent. solution methylene blue were injected into 
carotid vertebral artery means fine hypodermic needle. 
The circulation the blood the artery that was being injected 
was not interfered with except the insertion the needle. Just 
enough pressure was used the syringe overcome the arterial 
blood pressure. The animals were killed opening the heart two 
minutes after the injection the methylene blue. The brain and 
spinal cord were then removed and the distribution the methy- 
lene blue was noted. The results obtained were surprisingly 
constant. 

Area the Carotid injection into one carotid 
artery, the other carotid and both vertebrals being unobstructed, 
the methylene blue was distributed all that part the 
cerebral hemisphere which supplied the anterior and middle 
cerebral arteries, the anterior choroid, and the posterior 
For much the Carotidick Arteries communicate between themselves 
various places, and are mutually ingrafted; from thence double benefit 
results, though contrary effect: because this one and the same means 
care taken, both lest the brain should defrauded its due watring the 
blood, and also lest should overwhelmed the too impetuous flowing 
the swelling stream torrent. the first, lest that should happen, one 
the Carotids perhaps being obstructed, the other might supply the provision 
both; then, lest the blood rushing with too full torrent, should drown the 
channels and little Ponds the brain, the flood chastised hindered 
opposite emissary, were Flood-gate, and commanded return its 


flood, and haste backward the same ways, and run back with ebbing 
Tide.” 
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communicating arteries the same side that which the injec- 
tion was made. rule, the anterior portion the frontal lobe 
the opposite side was also stained that is, there was some cross- 
ing over the stain the region the anterior cerebral artery, 
but not into the other 

The following parts the cerebrum were stained after carotid 
injection the living dog: The entire surface the cortex the 
cerebrum the side the injection, except the posterior aspect 
the occipital lobe which rests the tentorium. the median 
and basal surfaces the homolateral cerebral hemisphere, all that 
area which front and above the section the corpus cal- 
losum. The part that below and behind was unstained. 
the side opposite the injection, the olfactory lobe and the anterior 
central gyrus were stained. The centrum ovale was stained the 
areas corresponding the stained cortex outside it. The fol- 
lowing structures were also stained: the corpus callosum, both 
caudate nuclei, the anterior commissure, the anterior pillars the 
fornix, the tela and choroid plexuses the third and lateral ven- 
tricles, the septum lucidum, the optic chiasm, the infundibulum, and 
pituitary gland; and the homolateral side, the anterior third 
the crusta the peduncle, the lenticular nucleus, the internal cap- 
sule, and the regio subthalamica and the claustrum. 

Macacus sinicus, the posterior two thirds the occipital lobe 
was unstained after carotid injection. Otherwise the staining cor- 
responded that described the dog (figures and 3). 

Area the Vertebral methylene blue injected into 
one the vertebral arteries the living dog, the other vertebral 
artery and both carotids being unobstructed, the stain distributed 
those parts the brain and spinal cord supplied both verte- 
bral arteries, the basilar artery and both posterior cerebral arteries 
and their branches. 

The following structures were stained both sides: the upper 
dorsal and the entire cervical part the spinal cord, the medulla 
oblongata, the tela and choroid plexus the fourth ventricle, the 
pons, the cerebellum, the corpora quadrigemina, the nucleus ruber, 
the posterior two thirds the the peduncles, the pulvi- 


3 | 
a } 
a f 
| 
| 
a 
4 
4 
3 
a 
B 
a 
| 


Kramer. 351 


nar, the optic thalamus, the corpora mammillaria, and the body and 
posterior pillars the fornix. 

addition, the following structures were stained: all that por- 
tion below and behind the corpus callosum the median and 
basal surfaces both hemispheres; the posterior tentorial sur- 
face both occipital lobes, and both the first external (medial) 
gyri the upper surface. the dog, the distribution the 
carotid and vertebral cortical areas overlap both external 
medial gyri (figure 4). Macacus sinicus, the posterior two thirds 
both occipital lobes was stained after vertebral injection. 

one vertebral artery tied and the other injected, then the 
distribution the stain incompletely bilateral the parts sup- 
plied the vertebrals; that is, the staining incomplete the 
side which the vertebral was tied. one carotid was tied and 
the other injected, appreciable constant difference distri- 
bution could noted; that is, the parts were stained the 
experiments which one carotid was injected, the other carotid 
being unobstructed. both carotids both vertebrals are tied and 
one the other arteries injected, then the separation the 
areas disappears and the stain carried forward backward 
the case may be. other words, the circle Willis antero- 
posterior anastomosis between the carotids and the vertebrals, 
which under physiological conditions does not permit the mingling 
the blood streams. When, however, either the anterior pos- 
terior arteries are completely blocked, then the anastomosis will 
supply blood the areas the central nervous system supplied 
the blocked vessels. 

may said, passing, that this separation the areas 
supply true all arterial anastomoses under physiological con- 
ditions. Thus, one injects the carotid artery one side the 
living dog with methylene blue, the other carotid being unob- 
structed, one lobe and the homolateral half the isthmus the 
thyroid gland, and the homolateral half the tongue are stained 
blue, although both these organs have very rich anastomosis 
crossing the middle line. If, however, the injection made into one 
carotid after the other tied, then the stain crosses the middle 
line both the tongue and the thyroid gland. 
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the above experiments have been correctly interpreted, 
ought have pharmacological method verifying our results. 
If, namely, only the blood the vertebral artery goes the me- 
dulla oblongata, and not that the carotid mixture both, 
then the injection into the vertebral artery very minute quan- 
tity certain “bulbar” poisons ought produce the centers 
the medulla results which they would not cause when injected into 
the carotid. Such experiments were accordingly made, and these 
have given results that are entirely confirmatory. 

The method was follows: Dogs were narcotized with ether, 
the blood pressure the femoral artery was recorded with mer- 
cury manometer, and the respirations means the Gad aero- 
plethysmograph, which gives quantitative record both inspira- 
tion and expiration. all the tracings, the upstroke represents 
expiration, and the downstroke inspiration. The moment injec- 
tion was recorded means electric signal. The experiments 
here described were made with alcohol, ether, and chloroform. 

two cubic centimeters per cent. solution ethyl alcohol 
are injected into carotid artery (figure 5), effect the circu- 
lation respiration regularly produced. times the injection 
may followed slight fall blood pressure, but oftener there 
change the circulation. the same even smaller amount 
the same solution injected into one the vertebral arteries, 
immediately followed lessened respiration, then stoppage 
breathing inspiration lasting for few seconds, with gradual 
recovery respiration. The blood pressure curve very charac- 
teristic: immediately following the injection there are few 
“vagal” beats, that is, slowing the heart with wide excursions, 
due irritation the vagus centre, followed prolonged fall 
pressure succeeded gradual recovery the pressure 
which obtained before the injection (figure 6). 

With stronger alcohol, such per cent. solution, similar 
effects though greater intensity are produced. That is, the stop- 
page respiration more prolonged and may return only after arti- 
ficial respiration, and the fall blood pressure more pronounced 
(figure 7). 
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Exactly the same results follow the injection ether minute 
doses. Figures and are tracings obtained from dog follow- 
ing the carotid and vertebral injection two cubic centimeters 
each, solution ether water 24°C. 

pure ether amounts low 0.2 cubic centimeter 
injected into the vertebral artery, the respiratory center may 
completely and permanently narcotized and cannot restored 
artificial respiration (figure 10). The injectionof the same amount 
into the carotid artery produces little effect. 

Chloroform soluble water amounts that are less than 
per cent., but the difference effect between carotid and vertebral 
injection may plainly demonstrated with chloroform water. 

Figure tracing obtained while injecting two cubic centi- 
meters chloroform water into the right carotid artery dog. 
effect upon either respiration circulation was produced. 

Figure tracing from the same dog while injecting the 
same amount chloroform water into the vertebral artery. 
see the slow “vagal” heart beats and the drop blood pressure. 
Expirations are markedly diminished amplitude, though there 
complete stoppage respiration. 

inject into the vertebral artery dog 0.13 cubic 
centimeter pure chloroform, followed complete stoppage 
respiration inspiration. recovery takes place after arti- 
ficial respiration for fifteen minutes; the heart beats are markedly 
slowed, and the blood pressure falls (figure 13). 

The injection twice the amount into the carotid artery pro- 
duces effect the respiration. There fall blood pressure 
from which the recovery prompt, but there slowing the 
heart such follows irritation the vagus center (figure 14). 

If, all these experiments, the drug dissolved defibrinated 
blood obtained from the same animal, exactly the same results are 
obtained. This was done rule out the possible production 
embolism the vessels the brain. 

also noted that these injections made with both 
vagus nerves divided, then the vagal slowing the heart and the 
drop blood pressure does not occur. Instead, there marked 
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rise blood pressure due stimulation the vasomotor center 
the medulla oblongata. 

The fact that the circle Willis antero-posterior anasto- 
mosis that operates only when either the carotid vertebral arteries 
are tied, may also demonstrated pharmacologically. 

The injection 0.33 cubic centimeter chloroform into the 
right carotid produced fall blood pressure from which there was 
quick recovery (figure 15). The respiratory and vagus centers 
were unaffected. Both vertebral arteries were then tied, and the 
same amount chloroform injected into the right carotid pro- 
duced complete and permanent stoppage respiration with vagal 
slowing the heart and fall pressure, the usual effect after 
vertebral injection. 

One may also demonstrate glass model the circle 
Willis the separation the areas supplied the carotid and the 
vertebral arteries. 

have constructed such model (figure 16). has four rubber 
tubes representing the two carotid and the two vertebral arteries. 
These are connected with large tube, which represents the aorta, and 
the aorta connected witha pressure bottle filled with water. Water 
under pressure 150 millimeters mercury was then circulated 
through the entire system. While the water was running through 
and out the six capillary tubes that represent the anterior, 
middle, and posterior cerebral areas, few drops methylene 
blue solution were injected into one the rubber carotid tubes. 
The blue colored water was distributed the two anterior branches, 
the homolateral middle branch, the homolateral posterior 
communicating branch the posterior cerebral branch. Here, 
however, stopped and none the blue fluid was carried out the 
posterior cerebral branch. This the dead point, the place where 
the opposing streams from the carotid and vertebral arteries (through 


the basilar) meet, and, the pressure being equal, the streams 
not mix. 
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EXPLANATION PLATES. 
PLATE 52. 


The photographs are colored show the distribution the stain. 

Fic. The brain dog after the injection methylene blue (intra 
vitam) into the right carotid artery. 

Fic. horizontal section the brain monkey (Macacus sinicus) 
after the injection methylene blue (intra vitam) into the right carotid artery. 

Fic. The brain Macacus sinicus monkey (basal aspect) after the 
injection methylene blue (intra vitam) into the right carotid artery. 

Fic. The brain dog after the injection methylene blue (intra 
vitam) into the 1ight vertebral artery. 


| 
4 
3 
a 
a 
. | 


Kramer. 


PLATE 53. 


all the tracings, the upper line indicates the time seconds; the second 
line indicates the blood pressure the femoral artery (central) the third line, 
respiration. The up-stroke represents expiration, and the down-stroke inspira- 
tion; the lowest line indicates the time injection. 

and Tracings obtained from experiments made show the 
difference action between injection into the carotid and vertebral arteries. 
The vertebral injection followed marked interference respiration, and 
irritation with fall blood pressure. the dosage large enough, the 
respiration ceases and begins again only after artificial respiration. 
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PLATE 54. 


Fics. and 10. These tracings show the action ether after injection 
into the carotid and vertebral arteries. injection into the carotid small 
doses without effect. After vertebral injection, there follows stoppage 


respiration, vagal irritation, and fall blood pressure. the experiment 
from which figure was obtained, cessation respiration was permanent, 
spite the fact that artificial respiration was continued for ten minutes. 
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Fics, 11, 12, 13, and 14. Tracings showing the action chloroform after 


injection into the carotid and vertebral arteries. 
alcohol and ether. 
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PLATE 


Fic. Tracing obtained from experiment which chloroform was 
injected into the carotid artery before and after ligation both vertebral 
arteries. When both vertebral arteries are closed, the chloroform partly 
carried directly the centers the medulla, and effect similar that 
which follows vertebral injection, shown figure 13, produced. 

Fic. 16. Model the circle Willis. and represent the anterior cere- 
bral branches; and M’, the middle cerebral branches; and P’, the posterior 
cerebral branches; and V’, two vertebral tubes uniting form the basilar, 
and C’, the carotid tubes. hypodermic needle inserted into one carotid. 
The arrows indicate the anterior and posterior limits the blue stain when 
injected indicated. 
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EXPERIMENTAL INFECTION THE MULE WITE 
TRYPANOSOMA HIPPICUM MEANS 
MUSCA DOMESTICA.* 


(From the Board Health Laboratories, Isthmian Canal Commission, Ancon, 
Canal Zone.) 


From study the epidemiology outbreak trypano- 
somiasis (murrina) the Commission corrals, was found that 
mules and horses were equally susceptible the disease; yet, when 
they were stabled together, mules developed the disease, but saddle 
horses never became infected. 

After investigation its nature and probable mode trans- 
was concluded that the infection was probably conveyed, 
not intermediate invertebrate hosts, such stomoxys, 
ticks, etc., but mechanically flies visiting the excoriated patches 
the skin sick infected animals and transferring the virus their 
mouth-parts legs fresh cuts, scratches, galls uninfected 
animals. 

The mules, from the nature their work frequently suffered 
from galls, and other injuries which the skin 
became broken, while such injuries were rarely noted the saddle 
horses. 

Recently have had opportunity confirm positive 
manner the theory that Musca domestica might carry the virus 
mechanically. Through the kindness the Chief Sanitary Officer 
and the Chief Quartermaster, obtained three mules that had 
been condemned account physical disability and used them 
the following experiments 

Three lots Musca domestica were caught and each was placed biting 
jar. guinea pig richly infected with Trypanosoma hippicum was bled from the 
ear. Two three drops blood were placed the center glass plate 
which was inverted over the biting area the jar containing the flies. Jar 
contained about eighteen flies, jar nine, and jar six. number the flies 


each jar were seen feed the guinea pig’s blood, those jar being 
hungrier than the others. 


Received for publication, January 25, 
*Darling, Infect. Dis., 1911, viii, 467. 
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The glass plate with the guinea pig blood was carefully replaced towel 
that was used wipe away any possible droplet blood that might have touched 
the rim the jar, that might have been deposited near the rim one the 
flies. This was done prevent any possible inoculation the mule guinea 
pig blood that might the margin the jar. The towel was replaced 
clean glass plate that was slipped out when the biting area the jar was placed 
over the recently shaved, scratched skin the mule. each experiment the 
flies were exposed the guinea pig blood for three four minutes, and then, 
after interval about thirty seconds, were placed over the scratched skin 
the mules where they remained for about five minutes. the flies were not 
hungry, they fed with some difficulty, and, the experiment was conducted out 
doors bright sunlight, they sought the opposite end the jar and could 
made visit the scratched skin only covering the jar and making quite 
dark. this account the conditions the experiment were probably not 
favorable for infecting they would have been under natural conditions 
corral, yet after period ten days, the usual incubation period mules for 
the strain Trypanosoma hippicum employed, the temperature one the 
animals rose 103° F., its blood contained Trypanosoma hippicum. The 
other two mules have shown signs infection. 

The mule that became infected had been exposed the flies jar which 
contained about eighteen active, vigorous specimens that had been caught about 
two hours before the experiment. 


Murrina not now epidemic the Canal Zone; fact, cases 
have been detected since May, 1910, that the possibility the 
mule’s having become infected any way other than that the 
experiment too remote considered. Besides, particularly 
avirulent strain was used the experiment, the period incuba- 
tion which (ten days) two three days longer than that 
other strains. The incubation period the infected mule corre- 
sponds with that this avirulent strain. 

For several days previous their exposure the flies, the experi- 
mental mules had been under observation screened stable; their 
temperatures were taken twice daily, and their blood examined daily 
for the detection trypanosomes. 

would seem, therefore, that the disease the corrals was propa- 
gated mechanically, has already been and that Musca 
domestica capable transmitting this way. 

The exact mechanism infection not known, but believed 
that the trypanosomes remain alive within the proboscis the fly, 
and that infection takes place through that source. Further experi- 
ments are under way determine this point. 


Darling, Parasitology, 1911, iv, 83. 
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THE INFECTION MULES TRYPANOSOMA 
HIPPICUM THROUGH MUCOUS MEMBRANES.* 


(From the Board Health Laboratories, Isthmian Canal Commission, Ancon, 
Canal Zone.) 


The importance ascertaining all the natural modes infection 
any trypanosome disease evident. murrina, the trypano- 
some disease horses Panama, was not possible incrimi- 
nate stomoxys—the only biting flies taken near 
corrals—as carriers infection, for evidence trypanosomes 
nor other flagellates could detected dissected specimens that 
had fed infected mules. 

The disease, which has been eradicated the Canal Zone, still 
present parts the Republic, villages and along the trails, 
and cases have been detected native ponies near the Zone line. 
those localities where biting flies other than the ones examined 
exist numbers, may that the trypanosome has true suc- 
torial intermediary host, but the inaccessibility and sparseness the 
native population render difficult the present time investiga- 
tion this part the question. 

One other mode infection, impossible investigate directly 
the corrals, required looking into; namely, the possibility in- 
fection during coition. This was tested experimentally noting 
whether Trypanosoma hippicum could pass through the intact mu- 
cous membranes mules. 

Koch was the opinion that sleeping sickness might trans- 
mitted during coitus, for noted the presence sleeping sickness 
number women whose husbands either had died the dis- 
ease were suffering from the time. 

Hindle! has succeeded infecting rats with Trypanosoma gambi- 

Received for publication, January 25, 1912. 

Parasitology, 1911, iv, 24. 
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ense through the mucous membranes the mouth and vagina and 
through the undamaged skin. 

Martin and Ringenbach? also succeeded infecting guinea pigs 
through the vagina with Trypanosoma gambiense. 

experiments with Trypanosoma hippicum, two and 
avirulent strain trypanosomes were used. The average incu- 
bation period this strain was ten days, two three days 
longer than that the ordinary strain. The avirulent strain was 
purposely employed, furnish additional evidence that the 
infection was acquired the experiments, which were carried out 
screened stable practically free from flies. 

Using all glass syringe with smooth nozzle which could not 
abrade the vaginal mucosa, about ten cubic centimeters citrated 
saline solution containing about 0.5 cubic centimeter guinea 
pig blood richly infected with Trypanosoma hippicum, were intro- 
duced into the vagina mule 193. Most the fluid was ejected 
upon the ground, but did not come contact with the skin any 
abraded surface the legs the animal. the tenth day, the 
animal’s temperature, which had been uniformly 101° morning 
and evening, rose but trypanosomes could not de- 
tected, though there was some auto-agglutination erythrocytes. 
The appearance this other experimental mules had observed 
just before trypanosomes could demonstrated films. the 
morning the eleventh day, the tempefature was and 
trypanosomes were detected films for the first time. The fol- 
lowing morning the animal’s temperature was 103.6° 

the other mule, trypanosomes were introduced into the mouth 
and nasal cavity. Ten cubic centimeters citrated saline suspen- 
sion containing 0.5 cubic centimeter guinea pig blood richly 

Martin and Ringenbach, Bull. Soc. path. exot., 1910, iii, 433. 

previous experiment, attempted infect three mules with Trypano- 
soma hippicum means Musca domestica that had fed infected guinea 
pig blood. After incubation period ten days, one mule became infected. 
The remaining two were kept under observation for thirty days screened 
corral, daily examinations the temperature and blood being made. during 
this time there was rise temperature, appearance trypanosomes, 


development auto-agglutinins the blood, was assumed that they had not 
been infected. They were, therefore, employed the experiments here recorded. 
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infected with Trypanosoma hippicum were divided into two por- 
tions. means syringe, five cubic centimeters were intro- 
duced into the mouth, and five cubic centimeters into the right 
nasal cavity, the muzzle the mule being elevated avoid 
waste the infected fluid. The mucosa was not touched the 
nozzle the syringe. the ninth day, the animal’s temperature 
rose from 101° and trypanosomes were detected 
blood films. 

These two experiments are significance because they indicate 
positively that Trypanosoma hippicum can penetrate the mucosa 
mules, which the mouth and vagina much thicker than that 
guinea pigs and rats. From this assumed that murrina may 
transmitted during copulation. 


RESPIRATORY WAVES BLOOD PRESSURE, WITH 
INVESTIGATION METHOD FOR 
MAKING CONTINUOUS BLOOD PRES- 

SURE RECORDS MAN.* 


JOSEPH ERLANGER, M.D., FESTERLING, M.D 


(From the Physiological Laboratories the University Wisconsin, Madison, 
Wis., and Washington University, St. Louis, Mo.) 


PLATE 57. 


1908, called attention “to the widespread misunder- 
standing the relations which exist between respiration and blood 
pressure.” states that books the subject one finds usually 
only the results obtained Einbrodt the dog, and Klemen- 
siewicz man. Essentially these consist rise pressure dur- 
ing inspiration and fall during expiration, although the rise dur- 
ing inspiration may preceded fall pressure, and the fall 
during expiration rise. analysis the literature, however, 
seems indicate that there little justification for these conclu- 
sions. Different investigators,? dealing with the same species 
animal, have recorded diametrically opposed views, that seems 
unreasonable, Lewis’s opinion, maintain the existence but 
single type blood pressure wave. 

the case man, the results different investigators are 
likewise discordant, although would seem that the majority 
not agree with Klemensiewicz, that they find pure fall pres- 
sure inspiration and pure rise expiration. The minority, 
nevertheless, find just the reverse the case man. The varia- 
bility these results has been attributed the use faulty meth- 
ods, and differences the type respiration. 

order determine man the effects respiration upon 

Received for publication, February 1912. 


Lewis, Jour. Physiol., 1908, xxxvii, 213. 
the literature see Lewis, loc. cit. 
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blood pressure, some method must employed that permits 
continuous, almost continuous observations the blood pres- 
sure. not our purpose discuss here all the methods that 
have been used for this purpose. will necessary, however, 
call attention those that seem have more less direct bear- 
ing the subject this paper, with the more important results 
they have yielded. 

and his pupil Kiesow* have employed the Mosso sphygmo- 
manometer for the purpose making continuous records blood 
pressure changes. With this instrument, pressure about equal 
the arterial mean put upon the fingers. The base line the 
oscillations thus obtained shows fluctuations synchronous with the 
respirations. was assumed that the elevation and depression 
the base line indicated rise and fall, respectively, the blood pres- 
sure. Interpreted this way, the records, according Mosso, 
prove that the blood pressure rises inspiration and falls expira- 
tion. This criterion is, however, open the same objections that 
apply the sphygmograph blood pressure indicator. How- 
ever this may be, when the criterion described and used the pres- 
ent research employed the interpretation Mosso’s curves, 
careful mensuration shows that the blood pressure Mosso’s ex- 
periments falls during inspiration and rises during expiration. 
What the changes the level the base line indicate cannot 
determined with any degree certainty, and discussion the 
possibilities, whether muscular movement, active passive changes 
the caliber the blood vessels, etc., would carry too far 
afield. 

That there are objections the use the sphygmograph for 
the purpose recording blood pressure changes generally ad- 
mitted. The level the record altered not only changing 
arterial pressure, but also changing venous the 
changing tension the band holding the instrument the arm, 
produced muscular movements and alterations the vascularity 

Arch. ital. biol., xxiii, 177; 1905, 128. 


*Kiesow, Arch. ital. biol., 1905, 
Hill, Barnard, and Sequeira, Jour. Physiol., xxi, 147. 
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the part (plethysmographic effect), and the changing fullness 
the artery. possible that with the suspended sphygmograph, 
employed recently some these objections are elimi- 
nated, but the principle the suspended sphygmograph not 
entirely clear us. would seem that the position the body 
the instrument with respect the spring (it this, mainly, 
that determines the position the writing point) determined 
the weight suspended from the instrument. With the same weight, 
their relative positions, barring the effects friction and inertia, 
must always the same, irrespective the level the pad rest- 
ing the artery. For instance, should the caliber the artery 
increase, result either rise the arterial pressure 
increase the fullness the artery, the instrument would rise 
just far the pad, thus leaving the position the writing lever 
was. That the suspended sphygmograph shows pulsations 
all, and waves simulating those produced arterial pressure 
changes, can explained, seems us, only upon the assumption 
that, the first case, its inertia sufficient permit the record- 
ing some the pulse, and that, the second case, recovery 
the tissues from deformation sufficiently slow permit the 
recording some the slower changes arterial volume. 
Lewis’s results with the suspended sphygmograph confirm, the 
main, those published Marey 1881; namely, that man dur- 
ing thoracic breathing the pressure falls during inspiration and 
rises during expiration, the reverse occurring abdominal breath- 
ing. The suspended sphygmograph, employed Lewis, revealed 
respiratory waves blood pressure with natural, quiet respira- 
tion; while with natural but deep breathing, waves were seen which 
were entirely change size and rate the individual 
pulse beats.” This type pulse “represents most nearly the type 
occurring natural breathing.” was obtained Lewis from 
seventeen young adult subjects. Despite this absence respira- 
tory waves pressure his sphygmograms, Lewis himself admits 
that they are occurring, since they can “seen the tracings 
yielded Erlanger’s sphygmomanometer.” Lewis makes at- 
Jour. Physiol., 1906, xxxiv, 
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tempt, however, utilize for the purposes his problem the 
waves shown the sphygmomanometer. 

subjecting the arm approximately mean systolic pressure 
with Riva Rocci instrument, and noting the phases respiration 
during which pulse waves succeeded reaching sphygmograph 
attached the wrist, Lewis showed that with abdominal breathing 
the pulse passes the obstruction only during inspiration, while with 
thoracic breathing the pulse passes only during expiration. was 
inferred that this result confirms those obtained with the suspended 
sphygmograph. While this may true, important bear 
mind that this method shows the variations the systolic pres- 
sure only, while the sphygmograph supposed indicate the mean 
diastolic pressure. 

attempts account still another way for the dis- 
crepancies the literature. Assuming that the main factor deter- 
mining the respiratory waves blood pressure the changing 
capacity the pulmonary bed, argues that rapid breathing 
the blood pressure should fall during inspiration and rise during 
expiration. When the respirations are slow, however, the initial 
fall inspiration should succeeded, believes, rise, and 
the initial rise expiration fall pressure. The experimental 
basis for these conclusions not given. 

Stili another method has been employed for the purpose mak- 
ing continuous observations blood pressure variations man. 
pressure lying anywhere between systolic and diastolic 
applied artery through recording sphygmomanometer 
adapted employ the principle Marey, oscillation recorded 
whose amplitude larger than that obtained systolic pressure, 
and smaller than that obtained diastolic pressure. If, while this 
pressure the artery maintained, the arterial pressure should 
rise, that is, the intra-arterial minimum pressure should approach 
the extra-arterial pressure, the amplitude the recorded waves 
should, result, increase; and, vice versa, should the intra- 
arterial pressure fall, the amplitude the recorded waves should 


Lehrbuch der klinische Untersuchungsmethoden, 5th edition, Leipzig, 
1909, 126, 
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decrease. Thus should possible make continuous records 
blood pressure variations. This far are aware, 
was first used one study the blood pressure fluctua- 
tions case Stokes-Adams Later was employed 
connection with his researches Cheyne-Stokes 
respiration. the course this work, Eyster incidentally recorded 
the respiratory waves blood pressure during normal breathing. 
The only statement bearing the subject that appears his paper 
the effect that the pressure rises inspiration and falls 
This conclusion, will seen, exactly contrary 
ours. unfortunate that, owing the absence from his figures 
marks indicating the positions synchronous points, impos- 
sible account for this discrepancy except error the inter- 
pretation the records. 

some time after the present research had been com- 
pleted, there appeared paper which are recorded 
some observations the influence respiration upon blood pres- 
sure. Groedel employed the Uskoff sphygmotonograph for the 
purpose measuring the blood pressure, using the change ampli- 
tude oscillation under continuous pressure guide blood 
pressure changes. Groedel did not find respiratory waves blood 
pressure all subjects, but only those that showed respira- 
tory alterations heart rate,—in cases what Groedel terms 
the latter, the blood pressure fell during inspira- 
tion. changes blood pressure were seen when the heart rate 
showed the usual changes, not even with forced respirations. 
Groedel believes that the fall blood pressure with inspiration 
affects only the diastolic pressure, not the systolic. This conclusion 
based the fact that with pressures upon the arm approaching 
systolic, respiratory waves pressure were seen, Groedel 

Jour. Exper. Med., 1905, vii, 676. 

were formerly (Erlanger, Jour. Am. Med. Assn., 1906, 1343) 
the opinion that Mosso had employed this method 1895. Further study 


his papers, well the work his student, Kiesow, has convinced 
that were error. 

Eyster, Jour. Exper. Med., 1906, viii, 565. 

Eyster, loc. cit. 

Ztschr. klin. Med., 1910, 47. 
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puts it, maximum inspiratory fall blood pressure seen 
the vicinity minimum pressure.” one con- 
sequently says, “to study the influence respiration upon the blood 
ting somewhat the discussion our results, may stated here 
that with the Erlanger sphygmomanometer the respiratory waves 
blood pressure are seen all subjects (none but normal subjects 
have been studied), and not alone the vicinity the diastolic, 
but all pressures, and, matter fact, most clearly the 
vicinity maximum pressure. This, the main difference between 
our results, undoubtedly attributed the instruments 
employed. The Uskoff sphygmotonograph, has been shown 
not equally sensitive all pressures; average 
diastolic pressures (70 millimeters mercury), more 
than twice delicate normal systolic pressures (110 120 
millimeters mercury), and consequently all variations arterial 
pressure are magnified more low than high sphygmomano- 
metric pressures. 

Another principle, which, was thought, might prove value 
for the purpose recording consecutive arterial pressure changes 
man, based upon the observation that when the extra-arterial 
pressure, while steadily falling, passes below the systolic pressure, 
the recorded oscillations not alone increase amplitude, but also 
suffer change form,—the space between the anacrotic and 
catacrotic limbs the foot the wave widening For 
the sake brevity, this alteration the sphygmomanometric rec- 
ord will designated simply the “change form.” may 
consequently assumed that when the brachial artery put under 
systolic pressure, fluctuations the arterial pressure above and 
below the average systolic level will result not only increases and 
decreases amplitude oscillations, but also the reappearance 
and disappearance the “change form.” Both these meth- 
ods have been employed for some years our students class 
experiments designed for the purpose demonstrating respiratory 


Int. Med., 1912, ix, 22. 
Proc. Am. Physiol. Soc., Am. Jour. Physiol., 1908, xxi, xxiv. 
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waves blood pressure man. was the results obtained 
students that suggested the reinvestigation this subject. 


ESTABLISHMENT THE VALIDITY THE INDIRECT METHODS 
RECORDING CONSECUTIVE .CHANGES BLOOD 


The validity the principles described above had first sub- 
jected the test experiment. These tests were made dogs 
anesthetized with morphin and ether. long segment the carotid 
artery was laid bare and placed rigid case, which has been de- 
scribed elsewhere under the name through which air 
pressure can applied the artery the same way the arm 
with the cuff the sphygmomanometer. The arteriograph, like 
the cuff, connected with the sphygmomanometer. record can 
thus made the pulsations the artery while and where 
being subjected any desired pressure. Simultaneous records 
were made with the Hirthle kymograph (enumerated from above 
downward the order which they appear the tracings) the 
time seconds, the oscillations the sphygmomanometer, the pres- 
sure the sphygmomanometer (recorded means float 
operated its mercury manometer), the respirations (down- 
strokes marking inspiration), the pressure the brachial 
femoral artery with the mercury manometer, the 
arterial base line, and the signal. The signal record milli- 
meters above the sphygmomanometric base line; consequently 
millimeters must added the measurements the sphygmo- 
manometric pressure made from this line. 

interpreting the records, should borne mind that the 
manometer does not accurately record the systolic and 
diastolic pressures. can made exact, has been shown 
only controlling the fling the lever comparison 
with the values obtained means maximum-minimum mer- 
cury manometer. This was not done the present research, 

*The main results recorded this part the paper were reported 
abstract before the American Physiological Society December, 1900. 


Erlanger, Johns Hopkins Hosp. Rep., 1904, xii, 53. 
Dawson, Am. Jour. Physiol., 1905-06, xv, 244. 
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because was not necessary know the exact pressures. The 
fling the manometer raises the crest the pulse wave 
more than depresses the trough, that the systolic pressure, 
measured Hiirthle record, will too high larger value 
than the diastolic pressure will too low. 

For the purpose illustrating the methods experimentation 
employed and the results obtained, three typical records will 
described detail. 

The record reproduced figure shows the results obtained 
when the pressure the artery permitted fall slowly and con- 
stantly, making blood pressure records man. The Hiirthle 
manometer records the brachial pressure. This shows distinct 
respiratory waves, the systolic and diastolic pressures fluctuating 
approximately between 108 and 116, and 163 and 170 millimeters 
mercury, respectively. The main fall pressure occurs during 
inspiration, the main rise the beginning expiration, although 
toward the end expiration the pressure falls slightly. 

Shortly after the extra-arterial pressure begins fall, oscilla- 
tions appear the sphygmomanometric record. These, however, 
become distinct only after the extra-arterial pressure has fallen 
the level 154 millimeters mercury; that is, millimeters 
mercury below the maximum systolic pressure (the systolic the 
crest respiratory wave). ‘The first indication the change 
form seen sphygmomanometric pressure 142 millimeters 
that is, millimeters mercury below the maximum 
systolic pressure. The oscillations definitely diminish amplitude 
when the extra-arterial pressure reaches 112 millimeters mer- 
cury. This about millimeters mercury above the minimum 
diastolic pressure (lowest pressure the respiratory wave) 
this time. The sphygmomanometric record also shows respiratory 
waves. They are scarcely discernible when, the region mean 
extra-arterial pressures, the oscillations are high; they are largest 
the part the record made while the extra-arterial pressure 
the vicinity systolic; and they become distinct again when, 
diastolic pressure, the amplitude oscillations begins distinctly 
diminish. These, the systolic and diastolic regions the sphygmo- 
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manometric record, are the two points which slight changes 
extra-arterial pressure, and consequently intra-arterial pressure, 
produce the largest changes the amplitude oscillations. 
for this reason that the respiratory waves are specially large these 
locations, and for this reason only. And the fact that this record 
the sphygmomanometric respiratory waves are larger the vicinity 
systolic pressure than below diastolic pressure, does not 
necessarily mean that the respiratory fluctuations the intra- 
arterial systolic pressure are larger than those the diastolic pres- 
sure. may mean merely that one and the same change intra- 
arterial pressure produces greater change amplitude oscilla- 
tions when occurs systolic than when occurs diastolic pres- 
sure. matter fact, this particular case the systolic and 
diastolic intra-arterial respiratory pressure variations had, within 
the limits error, the same namely, and millimeters 
mercury, The height oscillations respira- 
tory wave varies directly the blood pressure the corresponding 
pulse wave. The intra-arterial respiratory pressure waves are indi- 
cated also the change form the oscillations, which, long 
the extra-arterial pressure the vicinity the systolic pres- 
sure, reappears and disappears the arterial pressure rises and falls. 

The tracing reproduced figure illustrates the effect upon the 
oscillations the sphygmomanometer slight fall arterial 
pressure, while the pressure the artery maintained con- 
stant level. the beginning the record, the arterial pressures, 
systolic and diastolic, were 138 and 100 millimeters mercury, 
respectively. The pressure within the was held 
116 millimeters mercury. Allowing for fling, this pressure 
was probably trifle below the intra-arterial systolic. However 
this may have been, the oscillations the sphygmomanometer show 
clearly the separation the foot the pulse wave. With the sec- 
ond stimulation the central end the vagus nerve, the arterial 
systolic and diastolic pressures fell 122 and millimeters 
mercury, respectively. The pulse rate was slightly slowed. Allow- 


Compare with Groedel’s conclusion given above (page 374). 
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ing for fling, may assume that the systolic pressure was now 
lower than the extra-arterial pressure. Examination the record 
shows that this time the amplitude the sphygmomanometric 
oscillations small, despite slight increase the arterial pulse 
pressure. the same time, the separation the anacrotic and 
catacrotic limbs the foot the oscillations disappears. 

The third record, figure reproduced for the purpose 
trating the effects respiratory waves the blood pressure, 
well the effect large decrease arterial pressure, upon the 
sphygmomanometric oscillations, when obtained different, though 
constant extra-arterial pressures. The Hiirthle manometer here 
recording the femoral instead the brachial pressure; otherwise 
designations are the same the previous tracings. The reader 
should reminded here the fact that the femoral artery 
the dog, the systolic pressure considerably higher than the 
carotid artery. comparing the sphygmomanometric systolic with 
the arterial systolic pressure, becomes necessary, therefore, 
allow this case for double error. 

The femoral pressures the beginning the tracing are 145 
and millimeters mercury. The respiratory waves pressure 
have amplitude about millimeters the pressure, 
upon the whole, rises during expiration and falls during inspiration 
both the systolic and diastolic pressures are affected the respira- 
tions, and practically the same extent. 

the beginning the record, the pressure exerted upon the 
carotid artery through the arteriograph 120 millimeters mer- 
cury. This pressure millimeters mercury below the femoral 
systolic, and probably not more than millimeters mercury 
below the carotid systolic pressure. The oscillations the sphygmo- 
manometer show wave-like variations amplitude, synchronous 
with respirations, their height increasing during expiration and 
diminishing during inspiration. The pulse was then slowed and the 
arterial pressure lowered stimulation the peripheral end the 
cut vagus nerve. consequence thereof, the sphygmomanometric 
oscillations diminish almost the point disappearance, and this, 
despite increase the intra-arterial pulse pressure more than 
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one and one half times its original amplitude. other words, the 
fall pressure produced either inspiration vagus stimula- 
tion diminishes the amplitude the oscillations the sphygmo- 
manometer when the extra-arterial pressure the vicinity the 
arterial systolic pressure. 

The pressure the artery was then lowered 102 millimeters 
mercury. The amplitude the sphygmomanometric oscilla- 
tions increases. Although the intra-arterial respiratory waves 
blood pressure still recur with undiminished amplitude, they now 
are small the sphygmomanometric record that their relation 
the phases respiration can determined only with difficulty. 
The fall pressure due stimulation the vagus nerve again 
diminishes the amplitude the sphygmomanometric oscillations, 
but not nearly the same extent during the first stimulation. 
The extra-arterial pressure was then lowered millimeters 
mercury; that is, point just below the intra-arterial diastolic 
pressure. amplitude the oscillations the sphygmo- 
manometer diminishes markedly; while the respiratory waves 
become somewhat more distinct again, though now their sign 
changed, the inspiratory fall arterial pressure increasing, instead 
diminishing the amplitude oscillations. Furthermore, the fall 
pressure due stimulation the vagus nerve now causes 
marked increase, instead decrease, the amplitude oscilla- 
tions the sphygmomanometer. With further lowering the 
extra-arterial pressure, the changes just described are seen even 
more strikingly. 

This analysis figures well many other records, 
therefore, demonstrates the validity the principles which have 
been used for the purpose making continuous blood pressure 
observations shows, furthermore, that there 
exact correspondence between the respiratory waves blood pres- 

was means methods similar those here employed that the 
Erlanger sphygmomanometer was originally tested. The results obtained the 
present research, illustrated the records herein described, fully confirm 
the earlier experiments showing (1) that the diastolic pressure indicated 


the last the highest oscillations, and (2) that the diastolic, and also the 
systolic pressure can accurately determined indirect methods. 
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sure the artery the dog, and the record the sphygmo- 
manometer connected with the carotid artery the same animal,— 
fall pressure the former being denoted, long extra- 
arterial pressure above the intra-arterial diastolic, diminution 
the amplitude the oscillations the latter. The clearest 
records are obtained with the sphygmomanometer when the pres- 
sure the artery somewhat below the intra-arterial systolic. 
this pressure, the change the form the oscillations with the 
rise and fall the arterial pressure above and below the extra- 
arterial pressure also permits the recognition and interpretation 
blood pressure waves the artery. Finally, the analysis the 
figures shows that these principles yield clear indications the 
sign blood pressure changes, even when they are associated with 
changes the amplitude the pulse pressure direction tending 
mask the result. not intended give the impression, how- 
ever, that changes the amplitude pulse pressure not deter- 
mine corresponding changes the amplitude oscillations the 
sphygmomanometer. The latter dependent, one and the same 
individual, mainly upon the amplitude the pulse pressure and 
upon the proximity the extra-arterial pressure the diastolic 
pressure. Ordinarily, however, the experiments animals 
demonstrate, pulse pressure changes not mask blood pressure 
changes. Nevertheless, one should keep mind the danger 
drawing conclusions from continuous blood pressure records with- 
out, the same time, taking into consideration all the factors 
work producing the changes. 

may objected that the respiratory waves the sphygmo- 
manometric record are the result motion imparted the arterio- 
graph contractions the surrounding muscles. This objection 
is, however, easily met. the first place, the waves the sphygmo- 
manometric record always bear the same relation the phases 
the arterial pressure waves, but constant relation the phases 
respiration; the muscular movements respiration. the 
second place, when the arteriograph moved with the hand 
might moved respiratory movements, changes the form 
the record are seen. When, however, the arteriograph moved 
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much more extensively hand, waves result that bear resem- 
blance those produced arterial pressure changes. The latter 
are characterized changes amplitude only, the former 
alterations the level the base line, the amplitude oscillations 
remaining practically unaltered, 


RESPIRATORY WAVES BLOOD PRESSURE 


The experiments determine the effects respiration the 
blood pressure man were performed one and were 
modeled after the animal experiments described the foregoing 
section. the animal experiments, the mercury manometer 
the sphygmomanometer was provided with float with which the 
pressure exerted upon the artery was recorded simultaneously with 
the base line, the oscillations the sphygmomanometer, the respira- 
tions, and the time seconds. The pneumograph was held place 
tape that encircled the body the level the lowest ribs. 
After the first few trials, the following sequence procedure was 
adhered (1) the blood pressure was first deter- 
mined; (2) then the pressure the sphygmomanometer was set 
level that was millimeters mercury below the arterial 
systolic pressure and continuous record was made while the breath- 
ing the subject was normal, (b) slow, (c) fast, (d) thoracic, 
and abdominal; (3) the observation was concluded again 
recording the blood pressure. The subject sat still possible 
comfortable chair, resting his forearm horizontally upon arm 
rest. Each subject was carefully instructed the part was 
take the several steps the experiment, especially the 
proper way making thoracic and abdominal respiratory move- 
ments. 

will seen once that the conditions under which the indirect 
blood pressure observations man and the dog were made, 
present certain differences. the case the dog, the arteriograph 


The records and notes forming the basis this part the paper are from 
thesis submitted Festerling for the Master’s degree. was filed with 
the Librarian the University Wisconsin, June, 
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surrounds the artery alone, whereas the case surrounds 
the whole arm, which includes, besides the larger arteries, several 
structures that might actively affect the 
namely, the muscles, the arterioles, and the veins. 

Actual tests have shown that such slight movements the arm 
are sometimes imparted the deepest respirations, when 
made voluntarily during suspended breathing, produce obvious 
effect upon the record. More extensive movements the arm, 
well active contractions the muscles under the cuff, affect 
the sphygmomanometric record altering the pressure within the 
pressure space, the result upon the record being quite similar that 
produced altering the usual way the amount air within the 
pressure space. Waves produced could not possibly confused 
with true respiratory waves arterial pressure. They are char- 
acterized, the first place, form quite similar that observed 
when, the animal experiments, the arteriograph moved with 
the hand. There are marked changes the amplitude the 
oscillations the waves produced being characterized almost 
parallel rise and fall the crest and trough line. the second 
place, the slight pressure changes resulting the sphygmomanometer 
from accidental movements the arm can recognized the 
record the sphygmomanometric pressure, which was made 
every experiment. Due allowance for them was made. They gave 
rise confusion whatever the interpretation the records. 

well known that the discharge the respiratory center in- 
fluences the vasoconstrictor center such way produce 
Traube-Hering waves, properly socalled. According 
the blood pressure rises during inspiration and falls during expira- 
tion. is, however, impossible determine just how these vaso- 
motor changes would affect the record the sphygmomanometer, 
since not known whether such vasomotor waves may occur 
man, affect directly secondarily the arterioles the arm. 
any event, had they occurred, they would have manifested them- 
selves our records through rhythmical alterations the pres- 
sure within the sphygmomanometer, and could have been allowed for. 


Arch. biol., 1882, iii, 55. 
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scarcely conceivable that respiratory waves venous pres- 
sure could affect appreciably the oscillations the sphygmo- 
manometer. Furthermore, believed that they did have 
effect, would just the reverse that actually produced 
respirations. During inspiration, the venous pressure falls: the 
tendency during inspiration would, therefore, toward the lower- 
ing the pressure within the cuff, and toward reduction the 
turgidity the tissues under it,—two conditions that would lead 
increase the amplitude oscillations the sphygmo- 
manometer, the reverse what actually occurs our records 
during inspiration. matter fact, the respiratory waves 
pressure not disappear, nor are they altered any respect what- 
ever when the veins above the arm cuff are temporarily closed 
middling band. 

The effects respirations have been studied one 
fourteen normal subjects. addition, notes have been kept for 
some years the results obtained students similar experi- 
ments made upon themselves. The record reproduced figure 
serves illustrate what has been recorded practically every test. 
complete has been the correspondence between the human and 
animal experiments every respect pertaining respiration, that 
detailed description this record would superfluous. 
convince one’s self the validity this statement, merely 
necessary reread, with this figure view, the section describing 
the results the animal experiments. There but one difference. 
the case man, seems that the inversion the waves oscil- 
lation associated with respiration does not take place when the 
extra-arterial pressure falls below the intra-arterial diastolic. 
present, have explanation offer for this difference. 
should added, however, that this stage the experiment the 
oscillations are small that accurate measurement their ampli- 
tudes becomes difficult, and for the same reason becomes difficult 
eliminate completely experimental errors. The arterial pressure 
falls during inspiration and rises during expiration, whether the 
breathing normal (slow fast), abdominal, thoracic. 


rule, these effects are coterminous our experiments. The only 
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exception has been extremely slow breathing, when the blood 
pressure waves may gain the respirations,—the blood pressure 
beginning fall before the end expiration, and rise before 
the end inspiration. The respiratory changes blood pressure 
seem greatest during abdominal breathing, although, owing 
the difficulty gauging exactly the depth and rate respira- 
tion passing from one type breathing another, 
cult obtain definite proof this assertion. 

usual normal respiration both man and animals, the 
pulse rate our records begins increase during inspiration and 


decrease during expiration. Since the systolic output the 


heart, other factors remaining greater the slower the 
heart rate, justifiable conclude that the pulse pressure the 
whole larger during expiration than during inspiration. Might 
not possible, then, attribute the respiratory waves the 
sphygmomanometric record pulse pressure changes, rather than 
blood pressure changes? 

This question answered part the observation recorded 
above, that animals such large pulse pressure changes are pro- 
duced stimulation the peripheral end the vagus nerve 
not obscure the concomitant blood pressure changes. fully 
answered some the records obtained from man. The trac- 
ing reproduced figure shows the effects very slow deep 
respirations. Unfortunately the time was not recorded. good 
idea time relations can, however, obtained from the 
number pulse waves elapsing. the beginning the trac- 
ing, the respirations were the rate ten pulse waves each. 
the subject has normal pulse rate, may consequently assume 
that the respiratory rate one half what normally. The 
amplitude the oscillations increases the beginning expira- 
tion but decreases before expiration completed. This decrease 
occurs even while the pulse rate slowing; that is, despite the con- 
comitant increase pulse pressure. And the decrease the height 
the oscillations continues into inspiration, after the rate the 
heart beat has begun increase. may concluded, therefore, 
first, that the height the oscillations not materially influenced 
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such pulse pressure changes probably result from the chang- 
ing systolic output; and second, that the wave-like variations the 
height oscillations are produced the respiratory waves 
blood pressure. Attention should here called the that 
this same experiment (No. with respirations that were slightly 
faster, though slower than normally respiration pulse waves), 
there was the usual relation between respiration and blood pressure: 
the pressure fell during inspiration and rose during expiration. 

When taken into consideration that man the sole main 
effect inspiration lower the blood pressure, the thought 
suggested that perhaps man the acceleration the heart rate 
during inspiration and the retardation during expiration are due 
the action the blood pressure upon the medullary centers. 
the case animals, the condition may different. them fre- 
quently happens that the relation between the respirations and the 
respiratory waves blood pressure not nearly simple nor 
constant seems always the case man. animals, there- 
fore, the changes pulse rate with respiration cannot explained 
entirely effect the blood pressure upon the centers. For 
this, well for other reasons, Fredericq?* has contended that 
animals the changes heart rate are due associated activity 
the nerve centers the medulla. However this may be, does 
not seem necessary, view the different relations that obtain be- 
tween blood pressure and respirations, transfer man results 
that have been obtained through the study the conditions 
animals. 

Inasmuch the present research has not included attempt 
determine the mechanism producing the respiratory waves blood 
pressure man, would out place discuss this problem 
here. are inclined believe, however, that the cause will 
found lie mainly, Sahli has surmised, the changing capacity 
the blood-vessels the lungs. This factor may found 
much more important large than small animals, and so, 
would account for the differences the behavior the respiratory 
waves blood pressure animals and man. 

loc. cit. 
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EXPLANATION PLATE 57. 


Fic. The effects upon the sphygmomanometric oscillations permitting 
the extra-arterial pressure (sphygmomanometric pressure) fall constantly 
and steadily. seconds; oscillations the sphygmomanometer 
pressure the respiration; downstroke records in- 
spiration; the brachial artery with the Hiirthle manometer; 
Hiirthle base line; base line and signal. 

Fic. The effects upon the oscillations the sphygmomanometer 
slight fall arterial pressure. the point indicated the signal, the cen- 
tral end the vagus nerve was 

Fic. effect the oscillations the sphygmomanometer respira- 
tory waves blood pressure, and large fall arterial pressure with the 
sphygmomanometric pressure different levels. the points indicated 
the signal, the peripheral end the vagus nerve was stimulated. The Hiirthle 
manometer measures the femoral pressure. Otherwise, the designations are the 

Fic. and b). Respiratory waves blood pressure man, while the 
sphygmomanometric pressure was maintained approximately 100 millimeters 
mercury, and (b) while the sphygmomanometric pressure was steadily falling 
from 142 millimeters mercury. The systolic and diastolic pressures 
were 106 and millimeters mercury, respectively. The upper tracing shows 
the oscillations the sphygmomanometer; the lower tracing gives the respira- 
tion. The tracings the time, sphygmomanometric pressure, and base line have 
been 

waves blood pressure man during slow breathing. 
The upper tracing gives the sphygmomanometric oscillations; the lower gives 
the respirations. 


Fic. 1. 
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ULTIMATE RESULTS AORTIC TRANSPLAN- 
TATIONS.* 


ALEXIS CARREL, M.D. 


(From the Laboratories The Rockefeller Institute for Medical Research, 
New York.) 


PLATE 58. 


The purpose this article describe the ultimate result the 
transplantation vascular segments upon the thoracic and abdom- 
inal aortas. known that severed artery can efficiently 
repaired segments autogenic, homogenic, heterogenic vessels 
condition active latent life, devitalized arteries, 
pieces peritoneum, and even pieces rubber. now im- 
portant ascertain whether not these repairs are lasting. 

several cats and dogs which portions the abdominal 
thoracic aortas have been replaced segments from other vessels, 
have observed normal circulation after two, three, and four 
years. two the animals died few months ago, the anatom- 
ical results the transplantations could examined. 


Experiment Transplantation Human Artery upon the Abdominal 
Aorta young, small sized black bitch was used. May 1907, 
under ether anesthesia, transverse semicircular laparotomy was made which 
was followed dissection the abdominal aorta below the renal arteries, 
and ligation four collateral lumbar branches. During temporary hemostasis, 
the aorta was cut and short segment resected, segment the upper part 
human popliteal artery being interposed between the cut ends the aorta. 
This segment was 2.5 centimeters long, and had diameter which was more 
than one third greater than that the aorta. was normal appearance. 
Nevertheless, the wall had partially lost its elasticity. The vascular ends were 
sutured the ordinary method, the circulation was reéstablished, and the 
abdominal wall was closed four planes sutures. 

The segment had been extirpated April 11, 1907, from limb amputated 
April the Presbyterian Hospital Dr. Ellsworth Eliot. The limb was 
from young man who had osteosarcoma. Through the kindness Dr. 
Eliot, the leg was put the ice box April 10, and sent the Rocke- 
feller Institute April 1907. The popliteal artery and the lower part the 
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femoral artery were extirpated. Before being used this experiment, the upper 
part the popliteal artery had been put isotonic salt solution, and preserved 
for twenty-four days refrigerator temperature slightly above the 
freezing point. 

Following the operation, the femoral pulse the dog was normal and the 
animal remained good health. 

October 18, 1907. The animal was excellent health. median laparot- 
omy under anesthesia was made, and the pulsation the abdominal aorta was 
found normal. There was dilatation the inserted segment, which 
was very much larger than the aorta, and change the consistency its 
wall. 

During the years 1908, 1909, 1910, and 1911, the animal remained excellent 
health and became very fat. She was pregnant several times, and had normal 
pups. June, 1911, the animal died during labor, and the body was pre- 
served formalin until could carefully examined. 

Autopsy.—In October, 1911, the lower part the body was examined. The 
peritoneal cavity and the abdominal organs were normal. The abdominal aorta 
was dissected and removed. 

Macroscopical Examination.—In the middle the abdominal aorta, 
dilated segment was seen (figure 1). The dilatation was not very much 
greater than the time the transplantation. opening the aorta and the 
transplanted segment longitudinally, the anastomoses were easily seen. The 
length the segment was centimeters. From above downward, the cir- 
cumferences the artery and segment their anastomoses were follows: 
upper part artery, mm.; upper part segment, mm.; lower part seg- 
ment, mm.; lower part artery, mm. The circumference the middle 
part the transplanted segment was The scar the upper anastomosis 
was linear, while that the lower anastomosis was thicker. The internal sur- 
face the segment was white and glistening, but just below the upper anas- 
tomosis, this surface had cicatricial appearance. The wall the transplanted 
segment was generally thicker than that the aorta. Its consistency was 
harder, and certain regions seemed calcified. 

Microscopical Examination.—The vessel wall was cut transversely and the 
sections were stained hematoxylin and eosin, Van Gieson’s method, and 
with Weigert’s elastic tissue stain. The wall was composed exclusively 
connective tissue, which, few places, showed hyaline degeneration. 
elastic fibers muscle cells were seen. 

Experiment Transplantation Segment Dog’s Vein upon the 
Thoracic Aorta Dog—On November 1909, white female fox terrier 
was etherized the Meltzer-Auer method, and left transverse thoracotomy 
was followed dissection the descending aorta and ligation four collateral 
branches. During temporary hemostasis, section the thoracic aorta was 
removed and between the cut ends was interposed segment the external 
jugular vein extirpated from large dog November and kept for twenty- 
four hours cold storage. This segment was sutured the ends the aorta 
the ordinary method, and the circulation was reéstablished after inter- 


ruption seventeen minutes. The thoracic cavity was closed four planes 
sutures. 


4 
bs 
4 
3 
= 
4 
4 
4 
4 
a 
4 
g 
g 
4 


Alexis Carrel. 391 


November the afternoon, the animal was excellent condition, but 
the posterior limbs were stiff and hyperextended. The dog could stand up, 
although she was not able walk. The femoral pulse was normal. 

November The animal walked, but the posterior limbs were still hyper- 
extension. 

November 14. The condition the dog was normal, and the animal could 
run, although the posterior legs were still stiff. 

May, 1910, the animal was sent the farm, but was brought back the 
Institute October, 1910. She became pregnant and had several pups Octo- 
ber, 

January 10, 1912, the animal was infected with myelitis which was 
epidemic. She became paralyzed and died January 16. 

thoracic and abdominal organs were normal condition. 
The posterior part the left lung was slightly adherent the thoracic wall. 
The lung was normal. dissecting the aorta, evidence the previous 
operation was seen. Nevertheless, the location the transplanted segment was 
detected slight increase the diameter the aorta. The descending 
aorta and the transplanted segment were then extirpated and opened longitu- 
dinally. 

Macroscopical transplanted segment was about 4.5 cen- 
timeters below the arch the aorta. was 2.5 centimeters long and its diam- 
eter was slightly larger than that the aorta (figure 2). Its internal surface 
was white and glistening and resembled the internal surface the aorta. Two 
valves the jugular vein had persisted and presented the same appearance 
the time the transplantation (figure 3). The anastomoses the artery 
and the transplanted segment were almost invisible, the place juncture 
neither contraction nor dilatation had occurred; but the wall the transplanted 
segment was thinner, more translucent, and harder than that the aorta. 

Microscopical Examination—A small piece the middle part the trans- 
planted segment was cut and stained with hematoxylin and eosin, with Van 
Gieson’s and with Weigert’s stains. The wall was apparently composed 
normal adventitia and media which neither elastic fibers nor muscle 
cells could seen. its internal surface, endothelial cells were observed. 


SUMMARY. 


the first experiment, segment popliteal artery, extirpated 
from the leg young man and preserved for twenty-four days 
cold storage, was transplanted upon the abdominal aorta 
small bitch. The animal lived excellent health for four years 
and two months, became pregnant several times, and finally died 
during labor. The abdominal aorta was normal, but the human 
arterial segment was slightly dilated, and its wall was composed 
connective tissue only. 


the second experiment, segment dog’s jugular vein, pre- 
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served for twenty-four hours cold storage, was transplanted 
upon the thoracic aorta fox terrier. spite slight lesions 
the cord due interruption the aortic circulation during the 
operation, the animal remained excellent health. After two 
years and two months, the dog died epidemic disease. The 
descending aorta was normal. Thetransplanted segment had about 
the same caliber that the aorta, but its wall was composed 
connective tissue, with evidence muscular elastic tissues. 

these two experiments, the walls the transplanted segments 
contained neither muscle nor elastic tissue fibers and were not 
thicker than those the artery. Nevertheless, they were able 
withstand the pressure the blood without undergoing any marked 
dilatation. 

death due accident had not brought these two experiments 
end, probable that the transplanted segment would 
have successfully resisted the pressure the blood for much 
longer time. is, the result shows that, one experiment after 
four years and the other after two years, the segments trans- 
planted upon the abdominal and thoracic aortas were still efficient. 


EXPLANATION PLATE 58. 


Fic. The transplanted arterial segment and the adjacent part the aorta. 
Fic. The descending aorta with the transplanted venous segment. 
Fic. The transplanted venous segment and its valves. 
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TECHNIQUE FOR CULTIVATING LARGE QUAN- 


ALEXIS CARREL, M.D. 


(From the Laboratories The Rockefeller Institute for Medical Research, 
New York.) 


previous technique for cultivating large quantities 
tissue was briefly described, but the results given this method 
were inconstant, and the growth could not watched under 
the microscope. Moreover, the fluids which exuded from the cul- 
ture fell into and mixed with the water covering the bottom the 
box, aeration was difficult, and bacterial infection often occurred. 
order that might study the functions growing tissues, 
was necessary improve the method. The procedure which 
now employ the preparation the tissues, the medium, and the 
cultures, and the method examining the cultures will described 
this article. 

Preparation the means sharp instrument, 
the tissues are divided into very small fragments Ringer’s solu- 
tion, care being taken not crush the tissues. The tissues 
chicken fetuses can easily reduced without crushing fragments 
measuring about 0.5 millimeter diameter. More 
friable tissues, dog’s thyroid, for example, cannot cut finely. 
The fragments are suspended Ringer’s solution, and are then 
taken large pipette. Each drop the fluid contains approxi- 
mately the same number fragments. depositing the same 
quantity fluid each plate, obtain cultures which contain 
practically the same quantity tissue. 

Preparation the best culture medium 
plasma diluted with about two fifths its volume distilled water. 
Serum mixed with one fifth its volume per cent. agar 
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solution can also used, but the growth less abundant than 
plasma. When plasma employed the preparation cultures 
which have been previously washed Ringer’s solution, coagu- 
lates very slowly. Complications, such concentration the 
medium evaporation, and bacterial infection, may then occur. 
order accelerate the coagulation the plasma these cases, 
muscle, embryonal extracts, serum added. 

Preparation the cultures are prepared 
Gabritschewski boxes larger glass boxes. Gabritschewski 
box consists flat, circular glass dish covered circular glass 
plate (text-figure 1). The dish measures 110 millimeters diam- 


Cross-section Gabritschewski box. represents the cover; 
the box; the culture; the lower inner surface; the groove filled with 
water; the hole. 


eter, and millimeters height. Around the periphery the 
dish, the bottom, runs groove which contains water, while the 
fluids exuded from the culture are retained the central depres- 
sion which measures millimeters diameter. The cover 
sealed the circumference the dish vaselin. the ends 
the same diameter and near the edge the cover are two holes. 
When the cover place, the atmosphere the box isolated 
from the external atmosphere unless the cover rotated 
bring its two holes apposition with two similar holes the upper 
edge the dish. The culture medium and the fragments tissue 
are distributed evenly over the lower surface the plate, and may 
cover area millimeters diameter. After the medium 
hardens, the tissues adhere the plate and this can turned over 
and sealed the dish. 

The larger boxes consist deep circular dishes covered glass 
plates. These boxes, well the Gabritschewski boxes, are steril- 
ized dry heat. The bottom each dish covered with water. 
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large Petri dish, fixed stand, receives the fluid which exudes 
from the culture. The cover sealed the dish with vaselin. The 
culture the under surface the plate may cover area about 
150 millimeters diameter. 

When the culture washed, the tissues are not placed 
directly the covers, but are first deposited silk veil which 
stretched upon rectangular glass frame having area about 
14,000 square millimeters. 

culture silk veil prepared the following way: The 
glass frame which the silk stretched placed the glass 
cover and fixed paraffin. Then the silk moistened with 
Ringer’s solution, with plasma diluted with distilled water. The 
tissues Ringer’s solution are then deposited the cover means 
large pipette, and are spread that the fragments are evenly 
distributed and are separated free spaces. When the fragments 
are crowded small area, they not grow abundantly and their 
life short. Then quantity plasma added that about 
three times large that the suspension tissue. neces- 
sary, few drops serum muscle extract are also added. 
During the coagulation the medium, the plate protected from 
atmospheric dust. soon the medium has become sufficiently 
hard, the plate placed the box, which closed hermetically 
vasclin. 

When, after few days, the culture has washed, the cover 
placed above jar filled with cold Ringer’s solution. The frame 
detached with knife and deposited the fluid. After one 
two hours, removed from the Ringer’s solution, placed 
another cover, fixed with paraffin, and covered new medium. 
this procedure, rejuvenation large cultures can brought 
about,? but bacterial infection frequently occurs. 

temperature adapted the nature the tissues, generally 38° 
39° The tissues grow extensively small cultures 
hanging drop. The growth can watched without the help 
microscope. After one two days, the outline the fragments 
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becomes less sharp, and surrounded narrow opalin area. 
The size the fragment increases. When the tissues are growing 
rapidly, little fluid exudes from the medium and collects the 
under surface the tissue. Simultaneously the tension the 
atmosphere the box diminishes. there bacterial infection, 
the colonies are easily recognized their opacity and their 
sharp outline. 

The cultures the Gabritschewski boxes may examined micro- 
scopically, although high power cannot used account the 
thickness the cover. minute morphological examination 
the tissues required, the cultures are washed for one hour 
Ringer’s solution and are then fixed isotonic sodium 
chlorid solution containing per cent. formalin. They are stained 
afterwards without being detached from the glass plate. the 
medium very thick, the culture, after having been fixed, re- 
moved from the plate and divided into fragments which are em- 
bedded paraffin and cut serial sections. 

When the cultures are inoculated into animals, the frag- 
ments tissue and the surrounding cells are removed, washed 
Ringer’s solution, cut into small pieces, and injected under the skin. 

For the study the substances that develop the medium during 
the life the tissues, the culture cut into small fragments, which, 
together with the exuded fluid, are taken large pipette, 
placed centrifuge tube, and centrifugalized. The substances 
produced the tissues may studied the supernatant fluid. 

This technique for cultivating large quantity tissue still 
far from perfect, and will modified the future. Nevertheless, 
means it, new problems may 


Carrel and Ingebrigtsen, Jour. Exper. Med., 1912, xv, 287. 


| 
a 
4 | 
4 
| 


THE INFLUENCE HEAT DIFFERENT SERA 
CULTURE MEDIA FOR GROWING TISSUES.* 


RAGNVALD INGEBRIGTSEN, M.D. 


(From the Laboratories The Rockefeller Institute for Medical Research, 
New York.) 


PLATES 59-61. 


the cultivation tissues outside the organism, heterogenic 
plasma has proved useful culture medium. it, cells mammals 
grow rather rapidly for several days least. Carrel and 
have shown that embryonic chick tissues develop extensively 
plasma from rabbits, dogs, and Lambert and 
who cultivated rat sarcoma heterogenic media, were able keep 
this tissue alive guinea pig plasma for thirty days transferring 
fresh medium every seventh day. the media examined 
them, only goat plasma proved unsuitable culture medium. 
goat plasma growth occurred. All these authors emphasize the 
fact that the growth tissue more rapid and extensive homo- 
genic than heterogenic media. 

order understand more thoroughly the laws governing life 
and growth tissues outside the organism, and possibly find 
explanation the variations growth different media, 
investigation the quantitative growth autogenic, homogenic, 
and heterogenic media, and (2) investigate the growth heated 
well unheated media. have begun study these prob- 
lems, and the present paper gives preliminary report results. 

this series experiments, have used culture medium 
mixture serum and per cent. Serum was chosen instead 
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serum has been used culture medium Carrel and Burrows 
(loc. cit.), who applied fine cotton threads scaffold for the growing cells. 


They found homogenic well heterogenic serum useful culture medium 
for embryonic chick tissue. 
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plasma, order that the medium might exposed heat with- 
out altering its physical qualities. Heating the medium exerts 
marked influence it, will shown the results this 
investigation. 

Technique.—A per cent. solution agar distilled water was 
kept fluid water bath 60° 65° was quickly taken 
pipette, and when the temperature had fallen 38° 40° C., 
was thoroughly mixed the proper proportions. The 


Unheated heterogenic serum. 
Heated heterogenic serum. 
Heated homogenic serum. 
Heated autogenic serum. 
Unheated homogenic serum. 
Unheated autogenic serum 


comparison the average growth guinea pig bone marrow 
different media after twenty-four hours. 


mixture serum and agar was then placed upon the piece tissue 
the cover-glass where coagulated, forming transparent homo- 
genic jelly, which covered completely the small fragment tissue. 
important that the preparation the serum agar mixture 
made very quickly, prevent coagulation from taking place before 
the mixture covers the fragment tissue. also important that 
the coagulation complete, that the presence small pools 
serum between clumps agar may prevented. 
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and this proportion gave fairly good culture medium. Agar dis- 
solved distilled water was slightly hypotonic. This should have 
been advantage, for, according Carrel and Burrows,* plasma 
diluted with two fifths its volume distilled water better 
culture medium than normal plasma. 

this medium have cultivated the bone marrow adult guinea 
pigs. The bone marrow was taken from the femur, was placed 
Ringer solution, and was then cut into small pieces the size pin- 
head. Each piece was placed cover-glass and covered the 
culture medium. After the medium coagulated, the cover-glass was 
turned over, have the tissue its under surface. The 
cover-glass was then placed hollow slide, and was incubated 

The appearance living cells the serum agar medium the 
same that cells plasma, and during the first few days there 
are only very slight differences, quantitatively, the growth 
these two media. 

Bone Marrow Plasma.—As control the results with serum 
agar, the following description the cultivation bone marrow 
plasma given: short time after the incubation the culture, 
leucocytes start their emigration from the fragment active ame- 
boid movements, that the tissue, after two three hours, sur- 
rounded dense area living cells. This area rapidly increases 
size during the following twenty-four hours, but the increase 
less rapid the second and third days. After three days, the 
ameboid movements decrease, and after four five days, move- 
ment stops almost completely, the leucocytes become globular, and 
disintegration begins. difficult keep leucocytes alive for 
more than five days, but this time the non-ameboid connective 
tissue cells the fragment have started grow, and have formed 
area new cells around the tissue. The description the later 
development these cells, however, importance for this 
investigation, and will omitted. 

serum agar, during the first few days incubation, the same 
appearance shown. same area living ameboid cells sur- 

Exper. Med., 1911, xiii, 416. 
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rounds the tissue after few hours, and increases rapidly size 
during the first day. But the length life the cells shorter 
the serum agar medium than plasma, and have usually been 
unable keep the leucocytes alive for more than three days, while 
life for four days was exceptional. 

living cells, mean leucocytes with active ameboid move- 
ments. The term possibly inadequate, the cells perhaps being 
alive for some time after they have ceased move. Ameboid 
movements are, however, indisputable sign life. Moreover, 
the cessation movement can easily determined, while beginning 
degenerative alterations are not always very evident. for the 
life the leucocytes outside the organism, there may some 
question whether are dealing with real growth and multi- 
plication cells, only with active emigration. probable 
that the latter assumption the correct one, for there evidence 
the multiplication the leucocytes. 

The question whether the leucocytes actually multiply only 
emigrate from the bone marrow consequence our present 
study, for are interested not the multiplication the leuco- 
cytes, but the growth the bone marrow. The ameboid move- 
ments and the behavior the leucocytes are regarded being 
great importance, for under the most favorable conditions (growth 
plasma), has been found that the emigration the leucocytes 
always the first stage the growth bone marrow. the 
growth the non-ameboid cells the bone marrow too slow 
make direct measurement practicable, the intensity the ameboid 
movements the leucocytes has been used these experiments 
index the influence exerted upon bone marrow the various 
culture media. 

Guinea pig bone marrow has been cultivated serum from the 
same animal (autogenic serum), that from another guinea pig 
(homogenic serum), and that from other mammals (heterogenic 
serum) g., serum the rabbit, cat, dog, mouse, goat, and 
man. each experiment, three series cultures were prepared; 
one autogenic, one homogenic, and one heterogenic 
medium. each series, moreover, three four cultures bone 
marrow were made agar plus unheated normal serum, and three 
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four cultures agar plus serum which had been previously 
heated 56° for half hour. Only absolutely good cultures 
were used. Cultures were always discarded there was liquefac- 
tion the medium uneven mixture agar and serum that 
might give rise passive movements leucocytes due currents 
the medium. Moreover, only those experiments were utilized 
which all the results each given series corresponded. 

The cultures were examined and the results recorded after six, 
eighteen, twenty-four, and forty-eight hours. Camera lucida draw- 
ings were then prepared, which give quite exact comparison be- 
tween the growths different cultures. 


RESULTS. 


Even after six hours’ incubation, the differences between the 
emigration cells autogenic and homogenic serum were obvious. 
The area cells invading the surrounding medium was larger and 
denser autogenic than homogenic serum, difference which 
was evident during the two following days (figures and 2). 

Autogenic and homogenic serum heated 56° for half 
hour proved less value, for these the area emigrated 
cells was smaller than the corresponding unheated autogenic and 
homogenic serum media. The difference was most marked between 
the unheated and the heated autogenic serum, but heat seemed 
real inactivator for the homogenic serum also. The difference 
between the growth unheated and heated sera increased during 
the first twenty-four hours, and reached maximum during the 
second day. that time, the unheated culture medium was almost 
totally pervaded leucocytes. the third day, however, the 
growth the inactivated medium overtook that the unheated 
serum mixture. 

The length life the cells was about the same autogenic 
and homogenic sera, whether these were heated unheated. 

The normal heterogenic sera gave rise growth cells which 
was far less rapid and extensive than that the autogenic and 
homogenic sera. 

There were, moreover, differences the growth between different 
heterogenic sera (figures and 3). 
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normal rabbit serum, after eighteen hours, the piece bone 
marrow which was originally red was quite pale, and the small 
area emigrated cells, ameboid movements were seen. More- 
over, after the eighteenth hour, increase the area the emi- 
grated cells was detected. 

The growths the other normal heterogenic sera had the same 
appearance, but these death the cells took place earlier. The 
sera employed, the order the most the least favorable, are 
follows: rabbit, mouse, dog, man, cat, and goat. Goat serum 
was unsuitable culture medium. goat serum, very insig- 
nificant emigration leucocytes was seen. After six hours, the 
leucocytes goat serum formed small and irregularly shaped area 
cells. Only few the leucocytes had ameboid movements, 
and after short time, those that showed ceased altogether 
move. increase the area emigration was seen after six 
hours. 

Quite different from the results autogenic and homogenic sera 
were those obtained heating the heterogenic sera, for heating 
these sera increases their value culture media. The area emi- 
grated cells was much larger heated than unheated hetero- 
genic serum, and the length life the cells that varied from six 
hours (goat) eighteen hours (rabbit) unheated serum, was 
increased thirty-six forty-eight hours heated heterogenic 
sera. heated goat serum, can see very active ameboid move- 
ments after twenty-four and heated rabbit serum, ameboid 
movements may seen even the third, fourth, and fifth days. 

Further experiments similar those here described are 
progress. 

closing, wish thank Dr. Carrel, whose technique have 
studied, for many valuable suggestions. 


CONCLUSIONS. 


Bone marrow guinea pigs grows better autogenic than 
homogenic serum. 

Bone marrow guinea pigs grows more extensively and 
rapidly unheated than heated autogenic and homogenic serum 
(56° for half hour). 
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different heterogenic sera, there are differences the 
growth the tissue. none the sera examined, was the 
growth extensive homogenic and autogenic serum. 

Heated heterogenic serum better culture medium and 
shows more extensive tissue growth than normal unheated hetero- 
genic serum. 

EXPLANATION 

Figures and are camera lucida drawings cultures guinea pig 
bone marrow different sera, heated and unheated. The black spot the 
center represents the original piece tissue, and the surrounding dark grey 


and light grey areas represent the emigrated leucocytes. The magnification 
the same all the figures. 


PLATE 59. 
Fic. six hour old culture bone marrow unheated autogenic 


serum, (b) heated autogenic serum, (c) unheated homogenic serum, (d) 
heated homogenic serum. 


PLATE 60. 
Fic. twenty-four hour old culture bone marrow (a) unheated 


autogenic serum, (b) heated autogenic serum, (c) unheated homogenic 
serum, (d) heated homogenic serum. 


61. 


Fic. eighteen hour old culture bone marrow heterogenic sera, 
heated and unheated. 


THE CONSTRICTING INFLUENCE ADRENALIN 
UPON THE HUMAN CORONARY ARTERIES.* 


HENRY BARBOUR, MD. 


(From the Laboratories Pathology and Pharmacology the University 
Freiburg.) 


The direct action adrenalin upon the blood-vessels the 
heart has hitherto been observed only upon the lower animals. Two 
classes experiments have been made; namely, those with various 
modifications the perfusion method, and those with isolated rings 
artery (after Meyer (1)). 

perfusion isolated hearts, neither Schafer (2) nor Langen- 
dorff (3) were able prove vasomotor influence. Elliott (4) 
perfused single vessel resting strip cat’s ventricle and 
observed increased flow after adrenalin. Wiggers (5) believes 
has proved that vasoconstriction results from adrenalin per- 
fusion. Campbell (6) obtained, rule, effect, but some 
cases there was slight constriction. Brodie and Cullis (7) have 
recently concluded that very small doses (not large enough alter 
the heart action) produce vasoconstriction only, while with larger 
doses (augmenting heart action) this effect soon superseded 
vasodilatation. This latter effect, however, they cannot entirely 
ascribe metabolites from the heart, and they therefore conclude 
that the coronaries possess constrictors and dilators, both sympa- 
thetic origin (8). Bond’s perfusion experiments the living 
dog, while inconclusive vasomotor action, indicate that, 
this animal least, changes the rate coronary flow are parallel 
changes general arterial blood pressure. 

Meyer’s method with isolated rings arteries, Langendorff, 
Pal (10), Bonis and Susanna (11), Cow (12), and Campbell 
have all demonstrated vasodilatation. 

Before taking our results with human coronary arteries, our 
experiments upon the arteries animals may mentioned. 
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have made twenty-five such experiments upon the coronary 
arteries the calf. Eleven were without marked effect; two 
because the portion the vessel was suspended longitudinally, and 
the other nine because they were made upon the short main stem 
the left coronary. The explanation the absence effect will 
appear later paper dealing with the anatomical structure 
various the fourteen remaining experiments, 
all showed definite dilatation varying from 12.6 per cent. 
the vessel’s circumference. all these, the tissue was from the 


Coronary artery calf. Adrenalin dilatation after heat con- 
traction. Kymographion rate: four minutes. 


Coronary calf. Adrenalin after heat contraction. 


descending branch the left coronary. Among similar experi- 
ments other animals, obtained from sheep’s coronary 
relaxation per cent., and from pig’s coronary, relaxa- 
tion per cent. 
from the calf, show that the effects tempera- 
Arch. exper. Path. Pharmakol., 1912 (in press). 


All the tracings have been reproduced full size, with the exception text- 
figure which has been reduced one half. 
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ture and adrenalin have not been confused. text-figures 
and heating 42° was followed contraction; text-figure 
relaxation. all three cases, however, the effect adrenalin 
was constant. Text-figure illustrates the fact that adrenalin pro- 


Coronary calf. Adrenalin has minimal effect the 
main stem the artery. 


duces little effect upon the main stem the left coronary 
artery. 

Although Schlayer (13) states that human arteries are not 
responsive post-mortem the action adrenalin, Cow has success- 
fully used peripheral arteries from amputated limbs. The extension 


Coronary calf. Adrenalin dilatation after heat relaxation. 


this work the human coronary was undertaken and 
were fortunate securing, through the kindness Professor 
Aschoff, material from the four cases table 
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TABLE 
Hours 
Date Age Pathological diagnosis. post- 
mortem 
Dec. 15, 1911 Tubercular peritonitis Thickened intima 
II. Dec. 20, 1911 Aneurysm; syphilitic aortitis intima 
III. Dec. 29, 1911 Ileus; intestinal resection; perito-| Thickened intima 
nitis 
IV. Jan. 17, Carcinoma the esophagus; Thickened intima 
ous hemopericardium with calcification 


each case, while the thoracic organs were still warm, 
portion the left coronary artery was removed and placed imme- 
diately thermos bottle containing Ringer’s solution 37° 
38° The tissues remained the bottles this temperature 
until the beginning the experiments. 

For each experiment, ring from two four millimeters 
width was cut from the artery and suspended between two glass 
hooks. The lower hook was prolongation stationary glass 
rod; the upper was suspended thread from the short arm 
lever point eight millimeters from the axis. The writing arm 
measured 270 millimeters. This magnified the curves about thirty- 
four times. The tissues were constantly under tension from 
weight hung the opposite side the axis. The kymographion 
rate was about one centimeter four minutes, and the vessel 
preparation was suspended bath containing 100 cubic centi- 
meters Ringer’s solution, which was turn surrounded 
large water bath. Oxygen was caused bubble slowly through the 
Ringer’s solution which was kept temperature 42° for the 
first fifteen twenty minutes. The tonus removal thus obtained 
was manifested, rule, the human coronary arteries sudden 
extensive relaxation several minutes after the application the 
weight tension and the raising the temperature. When the lever 
was again writing level curve, the temperature was lowered 
37° 38° This latter change never caused appreciable 
change the height the curve. One dose 0.000625 gram 
synthetic adrenalin suprarenin) was given cubic 
centimeters additional Ringer’s solution. The total 125 cubic 


did not respond; see below. 


a 
Z 

4 
3 


408 The Constricting Influence Adrenalin. 


centimeters solution then contained adrenalin the proportion 
1:200,000 (as used 

our first few experiments with human coronaries, used 
one cubic centimeter blood serum protect the adrenalin against 
oxidation, for Trendelenburg (14), his work the quantitative 
estimation adrenalin, has clearly demonstrated that serum has 
this property, and its use find that our adrenalin solutions 
keep colorless even after exposure oxygen and heat for several 
hours. the course many experiments calves’ arteries, has 
never masked the characteristic adrenalin reactions. Beginning 
with experiment 88, however, serum was not added until some 
minutes after the adrenalin action, thus removing the remotest 
objection its use. 


Case Constriction human coronary after adrenalin. Under 
observation for nearly two hours. 


CASE 


Experiment 5.) ring from the descending branch 
the left coronary artery, 2.5 cm. from the aorta. Adrenalin was added simul- 
taneously with c.c. rabbit serum protect the adrenalin against oxidation. 
Immediate contraction (15.7 per cent.) was maintained for nearly two hours. 

Experiments and 79.—Rings from the same artery, two hours later. The 
response heat and tension were very slight. response adrenalin. 
Tissues dead. 


Case Serum and adrenalin were both added before the removal 
tonus. 


5 
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CASE 


Experiments 80, 81, and 82.—Rings from the left coronary artery. Tissues 
respond weakly heat and tension. response adrenalin. Tissues dead. 


CASE 


Experiment 84.—(Text-figure 6.) ring from the descending branch the 
left coronary artery, about 2.5 cm. from the aorta. protect against oxida- 
tion, c.c. serum from the same cadaver was added about two minutes before 
the adrenalin. Sudden dilatation about five minutes after the addition 


Case Serum was added before, and adrenalin during the 
removal tonus, 


Experiment 7.) ring from the distal portion the 
same artery. Similar dilatation follows serum alone. Adrenalin was given dur- 
ing relaxation. This experiment rules out adrenalin the cause relaxation. 

From the following experiment, well from later ones, will seen 
that this relaxation was simply the removal tonus heat, and was probably 
shortened the administration adrenalin. 


Case The usual sudden removal tonus heat and 
tension alone. 


Experiment 8.) Main stem the same artery, close 
the aorta. Nothing was added Ringer’s solution. Dilatation occurred after 
several minutes. This was misinterpreted contamination, and the experiment 
was abandoned. 
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Case The first arrow shows the point where adrenalin was 
added; the second arrow, where serum, was added. 


Experiment 9.) ring from the descending branch the 
same artery, about 2.5 cm. from the aorta. Heat (42° C.) dilatation. Adrenalin 


added the lower end the heat curve gave per cent. contraction. Serum 
added later had effect. 


10. Case Adrenalin (arrow) added after strong heat dilatation. 


Experiment 10.) small distal ring from the right 
coronary artery. Marked heat (42° C.) dilatation. Adrenalin gave per cent. 
contraction. Serum had effect. 

Experiments 90, 91, and 92.—Rings from the left coronary artery. Very 
weak heart response. response adrenalin. Tissues dead. 
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CASE IV. 


Small portions had taken from this vessel, the larger proximal 
portions were calcified. 
Experiment 11.) ring from the proximal end the 


11. Case Dilatation resulting from heating 42°. Con- 
traction followed immediately the adding adrenalin. Serum added later was 
without visible effect. 


side branch the descending limb the left coronary artery (about cm. from 

the aorta). Heat dilatation (42° C.) was steep but short. Adrenalin gave 

per cent. contraction. Serum, from the same cadaver, was without effect. 
Experiment 12.) ring from the distal portion the 


Case Adrenalin after heat dilatation (dose 
Pilocarpin was added later without effect. 


left coronary artery. Strong heat (42° C.) dilatation. Temperature lowered 
37° C., and adrenalin, 1:1,000,000, gram, added before the curve 
became level, gave per cent. contraction. Serum was without effect. Two 
c.c. 0.5 per cent. pilocarpin had 
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Experiment 13.) The ring employed was similar the 
one experiment Oxygen turned late caused slight rise. There was 
strong heat (42° C.) dilatation. Two doses pilocarpin about three 


TEXT-FIG. 13. Case Oxygen turned late. Heat dilatation. Pilo- 
carpin (two doses) was followed temporary constriction. Adrenalin was fol- 
lowed 


minutes apart, were followed per cent. contraction, two sharp rises 
about three minutes apart. Then sharp relaxation the first level. Adrenalin 
gave per cent. contraction. Serum had effect. Heating 47° had also 
effect. 

Experiment ring from the proximal portion the descending 
branch the left coronary artery was employed only after the calcified intima 
had been shelled out. There was very strong tension curve, the media being 
probably much injured. Adrenalin gave minimal contraction. 

Experiment 105.—(Text-figure 14.) The ring employed was similar the 


14. Case Heat dilatation, Pilocarpin followed temporary con- 
striction. Muscarin relaxation. 
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one Experiment 102. After heat dilatation, c.c. 0.5 per cent. pilocarpin 
was given. After about one minute, there was per cent. contraction, which 
was sustained for three minutes, and fell sharply. 

The preparation was washed out three changes Ringer’s solution. One 
muscarin (0.1 per cent.) was added, and this was followed steep 
per cent. dilatation. Adrenalin given later was without visible effect. 

Experiment similar ring. Sharp heat dilatation. response 0.2 
gram pituitrin. response adrenalin. Tissue presumably dead. 

all, twenty experiments were made upon rings cut from the 
coronary arteries four human cadavers. Excluding experiments 
82, 92, and 106, pharmacologically dead, have left 
eleven experiments upon surviving tissue from three cases. 

Each these three cases yielded least one remarkably strong 
adrenalin contraction. Experiment 86, which adrenalin was 
added, must discarded unfinished, also experiment 104 (mini- 
mal contraction), dealing with mutilated tissue. the remain- 
ing nine curves, six show typical adrenalin contractions varying 
degree from 15.7 per cent. the vessel’s circumference, and 
four these contractions occurred before the introduction any 
substance other than adrenalin. the three remaining experi- 
ments, adrenalin failed act. experiments and 85, was 
introduced before the tonus removal, and experiment 104, the 
tissues had already responded two drugs. The histological study 
numerous coronary arteries from calves and human beings re- 
veals essential differences between the two species the struc- 
ture muscle elastic tissue untreated arteries those 
treated with adrenalin. make the improbable assumption 
that the intimal proliferation observed all our human cases 
responsible for the reversal adrenalin action, the results are 
less importance, for this class cases that the greatest 
therapeutic interest attached. 

Attention should called two observations that await the 
support further evidence. The two results from pilocarpin are 
accord, and the relaxation following muscarin interest 
connection with Straub’s (15) demonstration muscarin 
relaxor heart muscle (negative inotropic action). 

Further studies will made upon the pharmacology isolated 
human vessels. 
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CONCLUSIONS. 


Adrenalin causes marked constriction the human coronary 
artery, although undoubtedly produces relaxation some 
g., calf, sheep, pig, etc. 

The human coronary artery probably provided with sympa- 
thetic vasoconstrictors. 

human blood-vessels are obtained warm condition 
within few hours after death, they are often suitable for biological 
and pharmacological study. 

with much pleasure that acknowledge the advice and assist- 
ance Professor Aschoff, Professor Straub, and Dr. Trendelen- 
burg. 
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EXPERIMENTAL STUDY THE ARTERIES 


WILLARD BARTLETT, M.D. 
(From the Laboratory Physiology, Washington University, St. Louis, Mo.) 


the suggestion Dr. Erlanger, have endeavored ascer- 
tain direct method whether vasodilatation vasoconstriction 
characterizes low blood pressure produced the dog trauma. 
this end, salt solution under constant pressure has been injected 
into medium sized arteries and the rate inflow studied the 
blood pressure has fallen consequence injury the cerebrum, 
the extremities, and the abdominal viscera. After the first set 
observations, the trauma was applied more less continuously 
the end each experiment. matter course, full ether anes- 
thesia, with preliminary morphin some instances, was used. 

some these experiments, the femoral artery was selected. 
was divided high and cannula was placed the distal end. 
other experiments, the splenic artery was divided near the aorta 
possible, cannula was inserted distally, and all the branches sup- 
plying the spleen were ligated, leaving only the large terminal 
branch which anastomoses with the coronary artery the greater 
curvature. 

Text-figure gives idea the apparatus used. Mariotte 
flask, maintained constant pressure upon the water the pres- 
sure bottle, which turn drove column air against the salt 
solution the burette, This had scale for reading and could 
filled from the storage chamber, relief cock being found 
The manometer, registered the pressure under which the saline 
entered the artery. bulldog forceps the blood-vessel admitted 
the fluid, while the rapidity the inflow was noted with stop- 
watch, and was expressed the number cubic centimeters that 
left the burette, given time. least two readings were 

for publication, January 22, 1912. 
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The injection fluid 


The apparatus used these experiments. 
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made each observation, and when these did not agree, readings 
were continued until they became consistent. The pressure the 
inflow was always high enough obviate any possible effect that 
could exerted changing venous pressure. 

The zero the blood pressure scale did not correspond with the 
zero the mercury manometer used for measuring the blood pres- 
sure the carotid artery. Unfortunately, the manometer was dis- 
mantled before all the readings made the time were corrected for 
zero. These readings, while not absolutely correct, are relatively 
so, and indicate the degree fall pressure resulting from trauma, 
and this fall was really the special object the blood pressure 
observations. any event the absolute discrepancy could amount 
only few millimeters mercury. 

Eleven experiments were carried out dogs different size. 
Before taking the successful experiments, however, one that 
failed might mentioned, since exerted influence the 
technique subsequently employed. this experiment, the injec- 
tions were made through the splenic artery, and the stomach and 
other abdominal viscera were subjected trauma. The results 
obtained were anomalous that the experiment was abandoned, 
and subsequent ones with the splenic artery the abdominal con- 
tents were carefully protected from injury. 

Experiment the femoral artery small dog, salt solution was 
injected under constant pressure. Four observations the course two hours 
showed that during this time great change the blood pressure, and 


marked alteration the rate injection had occurred. This experiment 
control those that follow. 


The Arteries Shock.—In experiments inclusive (tables 
5), the influence shock upon the arteries may seen. 


Experiment 2.—In this experiment, the salt solution was injected under 
constant pressure into the femoral artery dog weighing eight pounds. 
first, the rate flow was irregular, decreasing, increasing, and then decreasing 
again, but finally, after about two and one half hours, the rate through the 
artery increased markedly, and the death the animal was nearly four 
times great the beginning the experiment. 
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TABLE 
February 1911. Eight Pound Mottled Bitch. Femoral Artery. 


Blood 


R ration ii Aver: 
164 3:10 2.9 5.0 0.58 
3.1 5.0 0.62 
6.2 0.33 0.54 Before trauma. 
2.85 5.0 0.57 
2.9 5.0 0.58 
Trauma 3:20 P.M. 
4:00 P.M. 2:7 5.0 0.54 After trauma. 
5.0 0.34 0.50 |After trauma. 
5.0 0.62 After trauma. 
Trauma. 
4:45 P.M. 3.6 0.70 0.59 After trauma. 
2.4 5.0 0.48 
Trauma. 
110 5:05 P.M. 5.4 0.22 0.22 After trauma. 
Trauma. 
5:25 P.M. 5.0 0.28 0.28 After trauma. 
Trauma. 
5:55 P.M. 3.6 5.0 0.72 0.66 After trauma. 
3.0 5.0 0.60 
Trauma. 
6:33 P.M. 
6:40 P.M. 6.4 5.0 1.37 After trauma. 
Trauma. 
4.2 3.0 After trauma. 
7:12 P.M 4.6 3.0 trauma. 
7:12 4.6 3.0 Animal breathing; heart 
beating faintly. 
Animal dead. 
P.M. 5.4 3.0 1.80 
5.0 2.20 


Experiment given full since typical the others. For 
the sake brevity, however, the experiments that follow, the 
essentials only will given. 


Experiment animal this experiment had been worked upon for two 
three hours before received it. the blood pressure was low (95 milli- 
meters) when began, the detectable influence trauma this instance was 
small. note, however, that the pressure dropped zero, the rate flow 
through the femoral artery increased from 3.3 c.c. per second 3.7 c.c. 
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TABLE II. 
February 27, 1911. Fox Terrier. Femoral Artery. Inflow Manometer, 220. 
Blood Rate Average 
mm, 
5.9 1.8 The animal had been experi- 
P.M. 6.0 1.8 mented for other purposes 
for hours before the 
flow through the femoral 
artery was determined. 
Trauma. 
Heart beating. breathing. 


Experiment 4.—In this dog, the blood pressure dropped from mm., 
the rate injection increased from 1.81 c.c. per second 2.42 c.c. 


TABLE III. 
March 16, 1911. Ten Pound Spotted Bitch. Inflow Manometer, 220. 


Blood pres- Time. Inflow Durationin| Rate per |Average rate 


sure, C.C. seconds. second. per second. Reanie. 
9.6 5.0 
100 3:45 P.M. 2.6 1.65 1.81 Trauma continuous. 
4.5 2.4 1.87 
4.5 2.04 
5:25 P.M. 4.2 1.6 2.62 continuous. 
4.7 1.8 2.61 


Experiment 5.—In this animal the injection was made through the splenic 
artery. Table shows that after two hours trauma, the blood pressure had 
risen from 115 120 mm., and the rate injection had decreased from 1.28 
094 per second. Traumatism was continued two and half hours 
longer, until the blood pressure fell and the rate inflow increased 
1.87 c.c. per second. Here again note that after several hours trauma, 
there was decreased vasomotor tone. 


TABLE IV. 


March 23, Pound Mongrel. Splenic Artery. Inflow Manometer, 
Morphin. 


Blood Infl Duration in| Rat 
3.6 
12:45 P.M 4-7 3.6 1.30 1.28 Before trauma. 
3.6 
4.2 4.4 0.95 
120 2:45 P.M 4.8 0.92 After hours 
4.4 4.6 0.95 
4.4 2.4 1.83 After hours 
P.M. 4.5 2.4 1.87 trauma. 


Experiment the blood pressure this experiment fell from 141 
mm., the rate flow through the splenic artery increased from 1.56 2.04 c.c. 
per second. 
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TABLE 
April 20, Small Dog. Splenic Artery. Inflow Manometer, 218. Morphin. 


Inflow Duration in| Rate per |Average rate 


Blood 
seconds. second. per second. Remarks. 
3.2 
1:30 P.M. 4.9 1.56 Before trauma. 
2.4 2.00 rauma. 
4:15 P.M 2.4 2.04 respiration. 
4:20 P.M. 5.0 2.4 2.08 2.08 Artificial respiration. 
Animal bled 
death. 


Experiment this experiment, attempts produce shock trauma were 
continued for two hours, but without much success. this time, the blood pres- 
sure fell from 185 155 mm., and the rate through the femoral artery increased 
from 1.5 The continuance the experiment was prevented the 
clotting the blood. 


TABLE VI. 
February 11, Twelve Pound Mottled Dog. Femoral Artery. 
Blood Inflow Duration Rate per Average 
pres- Time. second. rate per Remarks. 
sure. second, 
3:15 P.M. 7.4 5.0 1.49 
5:10 P.M 5.5 2.4 2.30 blood pressure 
5:15 P.M. 3.6 was obtained, but vaso- 


dilation was evident. 


Experiment hemorrhage (see table VII) was fol- 
lowed diminished inflow, through the splenic artery, the effect hemorrhage 
being just the opposite that shock. 


TABLE VII. 


February 14, 1911. Ten Pound Mottled Bitch. Splenic Artery. Inflow 
Manometer, 216. 


Blood Inflow Rate per Average 
pres- Time. second. rate per Remarks. 
sure second. 
2.6 
3:30 P.M 5.4 2.8 
6.1 2.6 
Dog bled. 
5.0 3.4 Occasional heart beat and 
P.M. 5.1 3.8 respiration after bleeding. 
After hemorrhage there was 
vasoconstriction. 


Experiment Hemorrhage and Shock.—During the course experiment 
(table VIII), profuse bleeding reduced the rate the inflow c.c. per second. 
spite this, however, the results obtained agree the main with the rest 
shock experiments; nevertheless, since the element hemorrhage enters in, 
this experiment not included among the pure shock 
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Experiments and show that the effects removal blood 
from the body hemorrhage are not identical with those accom- 
panying fall blood pressure due trauma. would seem, 
therefore, that the diminished inflow, vasoconstriction, following 
bleeding indicates automatic protective mechanism which was not 
evident the pure shock experiments. 


TABLE VIII. 


February 23, 1911. Five Pound Black Dog. Femoral Artery. Inflow 
218. 


Blood Average 
Inflow | Duration in| Rate per 
2.6 2.076 
5:50 P.M. 2.6 2.040 2.06 Before trauma. 
5.4 2.6 2.076 
Trauma followed profuse 
4.8 2.0 2.400 bleeding. 
7:36 P.M. 2.0 2.550 breathing; weak heart 


beats. 
Dead. 


Experiment 10. one experiment (see table the trauma 
led the death the animal, and artificial respiration and electrical stimulation 
the heart were resorted order resuscitate the animal. The table shows 
that even under these conditions the rate flow through the femoral artery was 
greater when the blood pressure was mm. than when was 125 mm.; the 
result was full accord with those shock. 


TABLE IX. 
Small Dog. Femoral Artery. Inflow Manometer, 198. Morphin. 


Blood Inflow| Duration Rate per Average 
sure second, 
3:53 P.M. 5.4 2.6 2.08 
3:57 P.M. 5.5 3.2 1.87 
4:03 P.M. 5.9 1.84 
Trauma and death 4:06 
P.M. Artificial respira- 
ation and electrical stim- 
ulation heart 4:20. 
5:15 P.M. 3.8 1.8 2.00 beating. 
5:25 P.M. 4.6 2.4 killed clamping 


trachea. 


For the sake comparison, the results experiments 
which shock blood pressure was obtained, are here brought together. 
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Rate High Rate Shock 

Blood Blood 
Experiment 0.54 1.48 
Experiment 3.30 3.70 
Experiment 1.81 2.42 
Experiment 1.28 1.87 
Experiment 1.56 2.08 
8.49 11.55 


From the figures given above, easily seen calculation that 
the average rate inflow these five experiments was per cent. 
faster shock than under normal conditions. The number 
experiments was small, but the results all were consistent. They 
are, therefore, conclusive. 

Vagus and Sciatic Nerve one experiment (No. 
stimulation the vagus and sciatic nerves was resorted 
order ascertain the possible effect collateral circulation upon 
the results here reported. The general blood pressure was dimin- 
ished stimulation the peripheral vagus. will seen 
table this reduction blood pressure had influence upon the 
rate flow through the vessel under observation. The collaterals, 
therefore, not play this work. 

should noted, further, that the sciatic nerve was tied pre- 
vent the passage impulses through the majority the vasocon- 
strictor fibers supplying the femoral artery tested. The result 
the local vasodilatation was increase the rate inflow the 
locality involved. Peripheral stimulation the same nerve, how- 
ever, diminished the rate, and are thus strengthened our con- 
clusion that increased inflow means decreased vasomotor tone. 
Reasoning analogy, conclude that the increased inflow, asso- 
ciated these experiments with decreased blood pressure following 
trauma, due decreased vasomotor tone. 

all, fifty-nine observations were made, but number were 
omitted inconclusive, the animal toward the end the lengthy 
experiment being longer condition react properly. Text- 
figures and and are from experiment 11, and show that 
the collateral circulation played part, and that vasodilatation 
was produced section the sciatic, while vasoconstriction was. 
caused stimulating this nerve. comparison the seven 
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TABLE 
Small Bull Pup. Femoral Artery. Inflow Manometer, 218. 


Blood pres- 
sure Inflow 
stimula- 


No. Blood pres- 
observa-| sure before 
tions. stimulation. 


Dura- | Rate |Average 


second. second. 


tion. 
130 4.2 4.6 
Sciatic tied. 
132 4.4 2.6 1.69 
132 4.5 2.6 
Sciatic stimulated. 
128 4.4 3.2 1.38 
130 128 4.5 3.2 1.40 
127 128 4.5 3.0 
126 126 4.4 
136 4.9 3.6 1.36 1.46 |Vagus stimulated. 
137 5.0 3-4 
Normal. 
4.9 4.0 1.23 1.23 
Vagus and sciatic stimulated. 
132 4.9 6.4 0.76 
127 4.9 6.6 0.74 
Normal. 
5.0 5.4 0.90 
Normal. 
Sciatic stimulated. 
121 3.0 2.0 1.50 
Normal. 
3.0 1.6 1.87 
Sciatic stimulated. 
Vagus stimulated. 
Vagus and sciatic stimulated. 
Vagus stimulated. 
Vagus and sciatic stimulated. 
Normal. 


104 1.8 1.72 
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pres- 
tions. | stimulation. bey M C-C. | seconds.| second. | second. 
Normal. 
104 5.0 3:2 1.56 1.56 
Normal. 
5.0 1.56 1.56 
Vagus stimulated. 
5.0 3.0 1.66 1.66 
Vagus stimulated. 
Vagus stimulated. 
Sciatic stimulated. 


groups, into which the first twenty-one observations are divided, 
will found especially instructive. 

has been claimed that the use morphin reduces the animal’s 
susceptibility shock. interesting note this connection 
that morphin was used, some these experiments, prelimi- 
nary ether, but the writer did not find that its use lengthened 
appreciably the time required for the production shock. 

may suggested that decreased viscosity played 
obtaining the above results, but the increased inflow well outside 
the limits for which change viscosity can account. may 
stated further this connection that the amount saline used with 
each injection (approximately between two and five cubic centi- 
meters) very soon washed out the tiny vessel both the blood 
which was there originally and that which might succeed finding 
its way into the arterioles the intervals between successive injec- 
tions. Hence viscosity could have played part all. 

The question arises whether the injection salt solution 
into the arteries, increasing the total fluid content, may not call 
forth compensatory vasodilatation. improbable that this will 
occur unless the injected fluid raised the blood pressure. But 
these experiments, instead rising, the blood pressure always fell. 
Furthermore, the total quantity salt solution injected was, 
rule, only about 100 cubic centimeters, which practically negli- 
gible quantity when consideration taken the fact that more than 
three hours were required for its introduction,—another reason for 
disregarding plethora factor the results obtained. Bleeding 


Experimental Study the Arteries Shock. 


426 


. : 


Willard 427 


shock (experiments and also caused rise blood pres- 
hence, this factor cannot have been consequence. 

Cannot the injected fluid have injured nerve terminals the 
muscular coats the vessels and have prevented the action 
the vasomotor system? This not factor since the rate inflow 
did not increase until the blood pressure fell, and hemorrhage late 
experiment still slowed the rate inflow through reflex vaso- 
constriction. Asa rule, notable increase the inflow took place, 
the average about three hours after the beginning the 
experiments. 

Seelig and have concluded from their experiments that 
vasoconstriction occurs shock. argument, they cite the 
fact that the skin This readily explained 
the basis passive anemia upon that active anemia 
due vasoconstriction. other words, the blood that normally 
the periphery has all probability simply run through the relaxed 
vessels and accumulated the large internal veins. The same 
authors measured the outflow from the femoral veins and found 
increased after section the sciatic normal dog. They then 
produced state shock and found that the flow was proportion- 
ately increased after division the sciatic. They took this 
another evidence that vasoconstriction consequence shock. 

However, can shown simple calculation based upon the 
law Poiseuille, that, other conditions remaining the same, the 
elimination the same degree vasomotor tone section the 
sciatic, the one hand while the blood pressure high, and 
the other while the blood pressure low, should have yielded figures 
similar those obtained Seelig and Lyon. Increased vaso- 
motor tone should, therefore, have produced greater changes the 
rate outflow than these authors found. obvious that such 
experiments those Seelig and Lyon necessary know the 
viscosity the blood before definite conclusion could arrived 
at. The fact that they used ice the peritoneal cavity means 
producing shock would seem make such estimations doubly 
necessary. 


1Seelig and Lyon, The Condition the Peripheral Blood Vessels Shock, 
Jour. Am. Med. Assn., 1909, lii, 
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The work Seelig and Lyon would seem show merely that 
vasomotor tone not annihilated. series experiments, like- 
wise, the time death, vasomotor control was not truly anni- 
hilated, was shown the fact that the rate inflow was always 
found increased still further when measured after death had 
taken place. 

CONCLUSION. 


result the experimental work here recorded, there can 
doubt the fact that the rate inflow shock was faster than 
normally, and experiments the average increase was per 
cent. concluded, therefore, that decreased vasomotor tone 
accompaniment shock. 

with pleasure that thank Dr. Erlanger for suggesting this 
study and for placing disposal the resources his laboratory. 
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